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INTRODUCTION 
Commercial fertilizers have become indispensible to the 
high levels of food and fiber production in the United States 
and throughout the remainder of the world. According to the 
United States Department of Agriculture (1948, 1973)» commer­
cial fertilizer consumption in the United States increased 
from 16 million tons in 1946 to 41 million tons in 1971. 
Yields of crops such as wheat, cotton and com have shown sig­
nificant increases over this same period. 
During the late 1950's and into the middle lyoO's in­
creased quantities of commercial fertilizers were applied as 
localized zones in soils. The term "band" was used to de­
scribe this type of fertilizer placement. Placement of fer­
tilizer in bands was used prior to planting, at planting, or 
after plants had emerged from the soil. Terms such as "with 
the seed". "T;lcv;=dcv.'n" and "side-dress" describe certain types 
of banded fertilizer application. 
During the late I960*s and early 1970's the relative in-
expensiveness of commercial fertilizers led to even greater 
applications of these materials to crops. Band applications 
increased during tnis period with anhydrous aiiiirionia leading 
the way. Broadcast applications also increased. But fer­
tilizer costs have recently increased dramatically. 
Fertilizer prices will continue to increase as fertilizer 
materials become less abundant and food and fiber consumption 
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increase. High fertilizer costs and limited supplies will 
force farmers to apply fertilizers in ways that will achieve 
the most efficient crop production per unit of applied fer­
tilizer material while maintaining high levels of crop produc­
tion and favorable profit margins. It therefore appears 
likely, based on present technology, that band placement of 
fertilizers, especially those containing P and K, will in­
crease as time progresses. 
de Wit (1953) provided an excellent examination of the 
efficiencies of banded versus broadcast fertilizers. Since 
then numerous field experiments have substantiated many of 
de Wit's contentions. Little attention, however, has been paid 
to the effects of high concentrations of solid fertilizer salts 
found near the locus of a fertilizer band on soil micro­
organisms, Studies by Hauck and Stephenson (I965). Isensee and 
Walsh (1971), Wetselaar, Passioura, and Singh (1972) have 
indicated that salt concentrations adjacent to fertilizer bands 
can have important effects on microorganisms and their activi­
ties in soil. 
The objective of this laboratory study was to determine 
effects of high concentrations of several fertilizer salts on 
mass, numbers and activities of microorganisms in several 
soils. Fertilizer salt concentrations employed will simulate 
the concentration of these materials occurring at various dis­
tances from fertilizer bande. 
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REVIEW OF LITERATURE 
Introduction 
Few studies have dealt with the effects of high concen­
trations of fertilizer salts on microbial biomass, numbers 
or activity in soil. Studies have determined some effects 
of high concentrations of salts not ordinarily used as fer­
tilizers on microbial numbers, activity, and species compo­
sition in soil. 
Since salt effects are a function of concentration and 
ionic composition, the information reported in the literature 
constitutes a foundation of data and principles. With the 
literature as a base, hypotheses may be formulated concerning 
the effects of high concentrations of fertilizer salts on the 
soil-microbial system. 
The U.S. Salinity Laboratory Staff (195^) suggested saline 
soils be defined as those whose saturation extracts exhibited 
an electrical conductivity in excess of ^  mmhos/csi at 25°G= An 
electrical conductivity of 4- mmhos/cm corresponus to approxi­
mately 2.56 g soluble salt/1 of saturation extract. As a 
somewhat arbitrary reference point, high salt concentrations 
will be defined as those in excess of 2000 ppm (0.2JS) total 
salts or 500 ppm of an elemental salt component. 
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High Salt Effects on Soil Microbial Biomass 
No quantitative data are reported in the literature on the 
effects of high concentrations of salts, fertilizer or other­
wise, on soil microbial biomass. However, for background pur­
poses data are available on microbial biomass in soil. Russell 
(1961) mathematically estimated the weight of microorganisms 
in soils at Rothamsted to be about 1000 lb dry tissue per 
acre. This mathematical approximation was obtained by multi­
plying average numbers for groups of microorganisms by assumed 
average cell volumes. These products were multiplied by a 
series of assumed conversion factors resulting in microbial 
weight (biomass) in dry tissue per acre. An estimate of soil 
microbial biomass was obtained by summing the tissue weight 
contribution over all groups. For ease of comparison with 
data of other investigators the figure 1000 lb/A (500 ppm) may 
be multiplied by an approximate G-to-microbial dry weight ratio 
of 0.5» This results in a calculated microbial biomass of 25.0 
mg C/100 g soil. 
The first analytical data on soil microbial biomass were 
reported by Jenkinson (I966). Microbial biomass was deter­
mined using a procedure that measured the increased GOg evolu­
tion from chemically or radiation sterilized soil during 
microbial recolonization. This flush in microbial activity 
was assumed to be proportional to the mass of microbial tissue 
present in a soil prior to sterilization. Values for microbial 
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biomass ranged from ^5 to mg C/100 g soil. 
More recently ATP has been employed as an index of soil 
microbial biomass. MacLeod, Chappelle and Crawford (1969) 
found that the ATP in 25 soils ranged from 9*7 x 10"^ to 
1.3 X 10"^ pg ATP/g soil. Lee et al. (1971) reported ATP con­
tents of four soils ranged from 0.2 to 0,6 [xg ATP/g soil. 
Anderson and Davies (1973) reported ATP contents in an un­
specified number of soils ranged from 0.1 to 3.5 (ig ATP/g 
soil. These ATP data may be expressed on a mg C/100 g soil 
basis using the C:ATP ratio of 250:1 reported by Strickland 
et al. (1969). Microbial biomass as determined by ATP analysis 
ranges from 0.02 to 3*25 mg C/100 g soil (MacLeod et al.), 5»0 
to 15.0 mg C/100 g soil (Lee et al.) and 2.5 to 87.5 mg C/100 
g soil (Anderson and Davies). 
Soil microbial biomass has also been determined by micro­
scopic examination of stained soil smears. Peterson (1971) 
microscopically counted and measured the size of stainea micro­
organisms in soil. Microbial volumes were calculated accord­
ing to the geometry and dimensions of the microorganisms. Bio­
mass was calculated from microbial volume using a series of 
conversion factors. An average microbial biomass of 4.0 rag 
C/100 g oven dry soil was reported for 9 Iowa soils. 
The muramic acid assay of Millar and Casida (1970) has 
been used to determine bacterial biomass in soils, Millar and 
Casida reported the muramic acid content in 33 soils varied 
from undetectable to 158 ^ g/g dry soil. Unfortunately no 
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conversion factor is available to relate muramic acid to 
biomass C. 
High Salt Effects on Soil Microbial Numbers 
Bacteria and actinomycetes 
The effects of high concentrations of fertilizer or other 
salts on bacterial numbers in soil are a function of the 
chemical composition of the salt, time, and the soil being 
investigated. Allison (1924) investigated the effects of 
cyanaraid and related N-fertilizer compounds on numbers of 
microorganisms in two soils. Fifty gram samples of air dry 
Clarksville loam (low fertility) and Susquehanna Loam (high 
fertility) were treated with 0, 5» 25i or 50 mg N as ammonium 
sulfate, commercial cyanamid, oiled and hydrated cyanamid, 
dicyanodiamid, guanylurea sulfate or urea. Incubations were 
performed at room temperature. Bacterial numbers were deter­
mined by plate counts following 3, 7» 21, 31, and j6 aays or 
soil incubation. 
In the Clarksville loam, ammoniuiu sulfate at the 25 or 50 
mg N treatment levels (500 or 1000 ppm H, respectively) in­
creased only slightly (insignificantly) the numbers of bacteria 
relative to the control. Lower numbers of bacteria (relative 
to the control) were recorded with all 500 or 1000 ppm treat­
ments except 500 ppm N as dicyanodiamid. While reasons ex­
plaining this behavior v;ers not prssentsd, dccrcased soil 
moisture due to drying of soil may have been a contributing 
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factor. Similarly dicyanodiamid, guanylurea sulfate and urea 
showed no significant increase or decrease in bacterial num­
bers with time of incubation. 
Both commercial cyanamid and oiled, hydrated cyanamid at 
500 or 1000 ppm N concentrations increased bacterial numbers 
significantly at both the 3- and 7-day samplings. Highest 
numbers of bacteria in the treated soil were recorded at the 3-
day sampling, after which numbers declined but were still 
slightly greater than those in the check. 
Allison found that in a Susquehanna loam both 1000 and 
2000 ppm N as commercial cyanamid stimulated bacterial numbers 
during 21 days of incubation. But reagent-grade cyanamid pro­
duced different results at the same rates of application. At 
1000 ppm both reagent-grade cyanamid and commercial cyanamid 
stimulated bacterial numbers. But at 2000 ppm reagent-grade 
cyanamid but not commercial cyanamid significantly reduced the 
numbers of soil bacteria. Reasons were not provided to ex­
plain this behavior. 
Wolff and Wolff (1930) studied the effects of calcium 
cyanamid and several related compounds on the microflora in 
four soils. Effects of calcium cyanamid (with or without oil) 
were similar to those reported by Allison (1924), However, 
granular calcium cyanamid at a concentration of 2170 ppm N 
reduced microbial numbers 10- to 100-fold after 24 hours of 
incubation. Most pronounced reductions were noted in the loam 
and clay soils. Four, six, and twelve weeks after addition, 
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the numbers of microorganisms were greater in the treated than 
untreated sand, loam, and clay soils. Microbial numbers in 
the treated acid soil were lower than in its untreated counter­
part throughout the 12-week incubation. 
Miller (1955) investigated the effects of several concen­
trations of calcium cyanamid on microbial numbers in a compost 
loil. Concentrations of calcium cyanamid were 0.0, 0.1, 0.3, 
0.6, 0.9, 1.2, and 1.8 percent on a (w/w) soil basis. Numbers 
of soil bacteria were determined daily for 8 days following 
treatment using plate count procedures and glucose-peptone 
agar. Numbers of bacteria in the untreated soil averaged about 
6.5 X 10^/g soil over the 6-day experimental period. Numbers 
of bacteria in 0,3# calcium cyanamid treated soil decreased 
to 3'0 X 10Vê on the first day following treatment. However, 
numbers recovered during the next 7 days with 4.3 x 10^/g soil 
on the eighth day. Numbers of bacteria in the soil samples 
containing 0.6 and 1.2# calcium cyanamid were substantially 
lower. Bacterial numbers decreased during the first 3 days 
following treatment, but recovered somewhat over the to 8-
day period. Final numbers were about 3«5 x 10^ and 2,7 x 10^/g 
in 0.6 and 1.2# calcium cyanamid treated soil, respectively. 
Drude (1962) investigated the effects of calcium cyanamid 
and "Kalkammonsalpeter" on microbial numbers in two soils. In 
a laboratory experiment soils were treated with 0, 300, or 
9000 kg N/ha as calcium oyanaïûid or "Kalkaimr.onsalpGtsr" = Incu­
bations were carried out under controlled moisture and tempera­
9 
ture conditions. Numbers of bacteria, actinomycetes, fungi 
were determined by plate counts and direct fluorescent mi­
croscopy. Calcium cyanamid applied at a rate of 9000 kg N/ha 
to a loam resulted in an initial stimulation of microbial num­
bers. as determined by fluorescent microscopy. Subsequent 
determinations over a 10-day incubation period revealed fewer 
microorganisms in the treated than untreated soil. Microbial 
numbers determined by plate count decreased immediately fol­
lowing treatment but recovered after 10 days of incubation. 
"Kalkammonsalpeter" applied at a rate of 9000 kg N/ha to 
the same loam resulted in decreased microbial numbers as de­
termined by fluorescent microscopy. This was noted over the 
entire 10-day incubation period. Microbial numbers by plate 
counts were depressed 10 hours after treatment but then in­
creased and were greater than numbers in the check for the 
duration of the 10-day experiment. 
Greaves (192?) studied the effects of high concentrations 
of NaCl, NagSO^L, and NagCO^ on bacterial numbers in 4 soils. 
Â fertile, highly productive sandy loam was made unproductive 
by addition of 2^ of these salts (singly or in combination). 
The other 3 soils were already saline, containing high amounts 
of NaGl, NagSO/^, and Na2C0^, respectively. Soils were placed 
in pots and allowed to equilibrate for 2 months. Then half of 
the pots were leached for 64-0 days. Following leaching all 
soils were removed from their containers, sampled, manured or 
inoculated with a soil extract, repotted and seeded to crimson 
10 
clover. The clover was harvested at full bloom and soils were 
again sampled. Next, two successive crops of barley were 
grown on the soils. Soils were sampled between the croppings 
to barley. Numbers of bacteria were determined by plate 
counts on a glucose-salts agar. Four replicate analyses were 
made on each duplicate soil. 
Numbers of bacteria in the untreated, unieached sandy 
loam were 2.573 x 10^/g prior to cropping with crimson clover. 
Bacterial numbers were reduced to 1.387 x 10^/g in this soil 
treated with 2^ NaCl, representing a salt induced decrease of 
1.156 X 10^ bacteria/g of soil. The 2^ NagCO^ treatment re­
duced numbers to 9.82 x 10^ bacteria/g soil. The 2.$ Na^SO^^ 
treatment, however, resulted in a statistically insignificant 
increase in bacterial numbers (3*605 x 10^/g soil). 
Numbers of soil bacteria after harvesting the crimson clo-
clover were 3-300 x 10^/g (check), I.850 x 10^/g (2^ NaCl), 
 ^ /• 
3.75U X luy'g (2^ wagXu^). ana 2.305 x iO"/ê (2^ )» liaCl 
continued to inhibit bacterial numbers. Na^GO^, which had pre­
viously inhibited bacterial numbers, increased slightly numbers 
of bacteria. NagSO/^, which previously had little effect, re­
sulted in slightly decreased bacterial numbers. 
Numbers of soil bacteria after the first of two barley 
croppings were 2.250 x 10^/g (check), 3-250 x 10^/g (2^ NaCl), 
1.450 X 10Vê (2^ Na^COo), and 2.200 x 10^/g {2% Na^SO^.). 
NaGlj previously inhibitory5 increased soil bacterial numbers. 
NagCO^ suppressed and showed essentially no effect on 
bacterial numbers. 
Turk (1939) investigated the effects of several fertilizer 
salts on microbial activities and numbers in Michigan muck 
soils. The objective of this study was to determine if the 
effects of fertilizer salts on microbial activities could be 
used to explain differences in crop response to the various 
fertilizers. Numbers of bacteria were determined by plate 
counts prepared 10 and 11 weeks after fertilizers were added 
to the mucks. Results indicated that fertilizers increased 
the numbers of bacteria in muck soil. Numbers of bacteria in 
an untreated "College" muck were 2.16 x 10^/g after 10 weeks 
of incubation. In contrast, ^ .75 x 10^ bacteria/g were 
present in a "College" muck treated with the equivalent of 
5000 lb/A 3-8-24 analysis fertilizer. A combined treatment 
of 5000 lb/A 3-8-24 and 2000 lb/A NaCl resulted in 6.42 x 10® 
bacteria/g of "College" muck. This stimulation of bacterial 
numbers by the fertilizer treatments was also observed at 
the 11-week sampling. However, differences between numbers 
in the check and treated samples were less pronounced than 
those observed at the 10-week sampling. 
Eno and Blue (1954) studied the effects of anhydrous 
ammonia on numbers of bacteria in two Arredondo loamy fine 
sands and a Lakeland fine sand. Anhydrous ammonia was applied 
to the field plots with a tractor-towed, commercial applicator 
at rates of 0« 100, and 200 lb N/A. Although these rates of 
application fail to appear exceptionally high, Eno and Blue 
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found that the NhJ-N concentration in the injector's path 
4 days after treatment was equivalent to 732 lb/A or 368 ppm. 
Vertical samples for microbial analyses were obtained to a 
depth of 6 inches and at distances of 1, 2, 4, 6, and 6 inches 
from the injection path. Horizontal samples were obtained in 
and at a distance 6 to 8 inches from the zone of anhydrous 
ammonia retention. Numbers of bacteria and actinomycetes 
were determined by plate counts on soil extract agar. An 
average of 1.2 x 10^ bacteria/g oven dry soil were found in 
the zone of anhydrous ammonia retention of an Arredondo loamy 
fine sand immediately following application of 2$0 lb/A NH^-N. 
This is somewhat less than an average 3.0 x 10^ bacteria/g 
oven dry untreated soil. Ten days after anhydrous ammonia 
application an average of 61.5 x 10^ bacteria and actinomycetes/ 
g were found in the application zone. This represents a sig­
nificant increase in numbers as compared to an average 5»2 x 
10"/g of untreated soil. The authors suggested that xhe in­
creased bacterial and actinomycete numbers in the aiaiaonia 
retention zone was due to increasêu proliferation of ammonia-
tolerant organisms. This contention is supported by a quali­
tative observation that most of the increase in numbers was 
due to one type of colony. Unfortunately, the organism was 
not identified. 
Eno, Blue and Good (1955) reported that the number of 
bacteria in a Red Bay fins sandy loam decreased from 7=22 x 
10^/g to 1.79 X 10^/g oven dry soil immediately following 
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application of anhydrous ammonia. The rate of ammonia appli­
cation was not reported. However, an ammonia concentration of 
430 ppm NH^-N was recorded for the soil sample from the ammonia 
retention zone analyzed for bacterial numbers. 
Malquori and Florenzano (I96I) investigated the effects of 
nitrogen and phosphorus containing fertilizers on numbers of 
bacteria in three soils. Fifty-gram samples of soil were 
placed in petri plates. Soils were moistened to $0^ saturation 
with sterile water. Fertilizer was added as a concentrated 
capsule of NaNO^, (NH2.)oS0^, NaHP0j^'12 HOH, CaCHpPOi^)«HOH or 
Ca^tPO^jg in the center of the soil layer. Numbers of soil 
bacteria were determined in 0 to 5 nmi and 5 to 10 ram concentric 
zones of soil surrounding the fertilizer implant. The addi­
tion of 3# ppm P as Ga(H2P02^)2*H0H reduced bacterial numbers 
8 7 from 1.50 X 10 /g to 9*8 x 10'/g in the 0 to 5 mm zone and 
8.2 X 10^/g in the 5 to 10 mm zone after 3 days of incubation. 
After 7 days, numbers of bacteria in the two zones had in-
8 8 
creased to 3*13 x lO /g and 1,46 x 10 /g soil, respectively. 
After 10 days, numbers of bacteria in the two zones had in­
creased to 3«45 X 10® and 3,70 x 10®/g soil, respectively. 
Parr (I969) studied the effects of anhydrous ammonia on 
a Hartsells fine sandy loam and a Webster silty clay loam. 
Anhydrous ammonia was applied to soil at rates of 0 or 7500 
ppm NH^-N. Glucose was added as an additional energy source 
to some saiiiples, but effects of anhydrous ammonia Vvsrs also 
studied in soils without added glucose. 
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Anhydrous ammonia decreased plate count numbers of bac­
teria from 5.72 to 10^ to 7.25 x 10^/g Hartsells fine sandy 
loam at 100 hours after the fertilizer was added. At the 
termination of the experiment (510 hours after application of 
the anhydrous ammonia) the numbers of bacteria in the check 
had fallen to 4.21 x 10^/g sell. Numbers of bacteria in the 
soils receiving anhydrous ammonia were 3«04 x 10^/g soil. An 
unexplained factor(s) caused a decrease in bacterial numbers 
in the check. Anhydrous ammonia decreased bacterial numbers 
at both the 100-hour and 510-hour samplings. 
Anhydrous ammonia decreased bacterial numbers in the 
Webster silty clay loam. Numbers of bacteria in the treated 
soil were 8.54 x 10^/g as compared to 7.25 x 10^/g in the un­
treated Webster soil, 220 hours after ammonia addition. 
Cameron, David and King (I968) reported that soils from 
a "dry valley" in Antarctica contained no platable micro­
organisms. They concluded that high concentraxions or 
naturally occurring ions such as CI", SO^ ,^ KO^ ", Na"*", 
and îvîg were toxic to any microorganisms that may have once 
been present» The authors failed to consider environmental 
stress which would be an obvious coantagonist. 
Studies reported to date on the effects of high salt con­
centrations on numbers of bacteria and actinomycetes in soil 
indicate that increased or decreased numbers may occur depend­
ing on (1) soil, (2) time, (3) rats of salt application and 
(4) salt added. 
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Fungi 
The effects of high concentrations of fertilizer or other 
salts on the numbers of fungi in soil are a function of the 
chemical composition of the salt, soil pH, time, and soil type. 
Turk (1939) found that 5000 lb/A of 3-8-24 fertilizer increased 
numbers of fungi in a "College" muck soil. Numbers of fungi in 
O 
soil 10 weeks after treatment were 3.84 x 10 /g (5000 lb/A 
3-8-24), 5.21 X lO^/g (5000 lb/A 3-8-24 plus 2000 lb/A NaCl) 
and 2.80 X lO^/g of untreated muck. Similar effects were ob­
served 11 weeks after treatment although differences were much 
less pronounced between treated and untreated samples. 
Eno and Blue (1954) provided excellent insight into the 
relationship between high concentrations of NH^, soil pH, and 
numbers of soil fungi. Numbers of fungi near the center of 
the zone of anhydrous ammonia retention were markedly reduced 
immediately following application of 250 lb N/A of anhydrous 
ammonia to an Arredondo loamy fine sand. A 250 lb N/A anhy­
drous ammonia application produced a localized concentration 
of NH^ equivalent to a broadcast concentration of 1170 lb 
N/A. Numbers of fungi decreased from 2.91 x 10 /g in the un­
treated soil (pH 5'7) to 0.9 X 10^/g in the treated soil 
(pH 7.7). Ten days later numbers of fungi remained lower in 
the treated soil. Fungi numbers were 3*22 x lo'^/g in the 
untreated soil (pH 5*7) and I.07 x lO^/g in the treated 
soil (pH 8.5). In a separate experiment numbers of fungi in 
the treated soil recovered and were again similar to numbers 
of fungi in the check soil after 8 weeks incubation. The 
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soil pH was 7.6 immediately following the anhydrous ammonia 
application. With time the soil became more acid, and after 
7 weeks the pH was similar in untreated and treated soils. 
This change in pH with time probably resulted because of 
ammonia diffusion and nitrification. Decreased soil pH 
correlated with an increase in numbers of fungi in the treated 
soil. 
Eno, Blue and Good (1955) performed additional laboratory 
and field investigations on the effects of anhydrous ammonia 
on microbial numbers and activities. In a laboratory study 
numbers of fungi in an Arredondo fine sand were sharply re­
duced at NH^-N concentrations greater than 365 ppm. Numbers 
of fungi were 61.0 x 10^, 49.2 x 10^, 3.0 x 10^, and 1.2 x 10^/ 
g in soil treated with 0, 365, 608, and 7^1 ppm NH^-N. Numbers 
of fungi were also reduced in a Red Bay fine sand. Numbers of 
fungi in this soil decreased from 19.8 x 10^ to 0.5 x lO^/g 
oven dry soil when the soil was treated with 4-30 ppm NH^-N. 
Although ammonia acted as a fungicide in these soils, fungi 
were still present at even the highest rates of ammonia 
application. 
Muller (1955) found that 0.1% calcium cyanamide in soil 
increased numbers of soil fungi. However, numbers of soil 
fungi were reduced at higher concentrations of up to 1.2% 
CaGN2e Increased concentrations of CaCNg increased soil pH 
measured in KCl. Soil pH was 9*9 ia soil containing 1.2# 
CaCNg, a substantial increase compared to pH 6.4 in the 
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untreated soil. 
Malquori and Florenzano (1961) reported that (NH^)2S02^ 
and Ca(H2P0^)2'H0H combined to enhance the growth of soil 
/ 
fungi. 
Parr (I969) found fewer than 10^ fungi/g in a Hartsells 
fine sandy loam 100 hours after injection of 7500 ppm N as 
anhydrous ammonia. Fungi numbers remained depressed even 
after 510 hours following injection. Similar results were 
observed in a Webster silty clay loam treated with 7500 ppm 
anhydrous ammonia-N. 
Nematodes 
Few investigations have been conducted on the effects of 
high concentrations of fertilizer or other salts on the numbers 
of nematodes in soil. Van Gundy (1965) commented that most 
nematodes are capable of tolerating and surviving at osmotic 
pressures up to 15 to 20 atmospheres. He noted that nema­
todes vary in their tolerance to specific ions. 
Eno, Blue, and Good (1955) found that the numbers of 
nematodes in several coarse textured soils decreased following 
injection of anhydrous ammonia. Anhydrous ammonia increased 
the concentration from 0 to 5^5 Ppm in a 2=inch diameter 
cylinder surrounding the point of injection in a Klej fine 
sand. Nematode numbers were 294 per I50 ml moist soil located 
3-4 inches away from the point of anhydrous ammonia injection. 
NH^-N concentration at this distance from the point of ammonia 
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injection was 0 ppiti NH^-N. Analyses revealed only 36 nema­
todes per 150 ml of moist soil from a 2-inch diameter cylinder 
of soil centered on the anhydrous ammonia application zone. 
Similarly, nematode numbers were significantly reduced in 
an Arredondo fine sand treated with ammonia and incubated in 
the laboratory. Numbers of nematodes were 3^7 per I50 ml 
moist untreated soil. With 7^1 ppm added NH^-N, only 1 nema­
tode was present per 150 ml moist soil. Additional studies 
on a Red Bay fine sandy loam, Leon fine sand, and Lakeland 
fine sand confirmed that anhydrous ammonia is toxic to soil 
nematodes. Interestingly, saprozoic nematodes predominated 
in repopulating ammoniated soil. This suggested that anhydrous 
ammonia may have secondary value as a nematocide. 
The factors involved in the toxicity of anhydrous ammonia 
on soil nematodes are probably similar to those in the bac­
teria, actinomycetes, and fungi. High pH, free ammonia, and 
high osmotic tensions were probably responsible for lae 
nematocidal effects of anhydrous ammonia. 
Other microorganisms 
von Hosslin and Penningsfeld (19^9) studied the relative 
changes in the numbers of diatoms, oiliates, and algae in a 
sandy soil containing 0.2 to 0.7^ salt. Fertilizer salts 
were allowed to accumulate in potted sand, loam, and muck soils 
over a period of years. Microscopic examination of the un­
treated (0.0453^ salt) revealed many diatoms, ciliates, and 
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isolated Ghlorella. The sandy soil treated with P "Rhenania-
phosphat" and K as a mixture of potassium sulfate and potassium 
chloride contained 0.2091# salt, many diatoms, some filamentous 
algae and ciliates, and a few isolated Ghlorella. The sandy 
soil treated with N as "Leunasalpeter" and P as "Rhenania-
phosphat" contained O.5IO6# salt. Microscopic examination re­
vealed many ciliates but few diatoms or Ghlorella. Sand 
treated with N plus K (0.5091?^ salt) contained many small 
Ghlorella and a few ciliates. Sand treated with N, P, and K 
(0.696655 salt) contained many large celled Ghlorella and many 
ciliates. 
High Salt Effects on Soil Microbial Activities 
Microorganisms are active in various processes in soil. 
Several microbial activities have been used to characterize 
the impact of various factors on soil microorganisms. In­
cluded are micorbial respiration, ammonification, nitrifica­
tion, and enzyme activities. 
Microbial respiration 
Heterotrophic microorganisms in soil obtain energy through 
the oxidation of a wide variety of carbon-containing compounds. 
Microbial oxidation of carbon under aerobic conditions consumes 
oxygen and produces carbon dioxide. Therefore both oxygen up­
take and carbon dioxide evolution can be used to measure 
respiration of microorganisms in soil. Stotzky (I965) reviewed 
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methods for determining microbial respiration in soil. 
Fred and Hart (1915) were among the first to study the 
effects of high concentrations of salt on microbial respira­
tion in soil. Salts studied were dibasic potassium phosphate 
(KgHPOjj,), tricalcium phosphate iGajiTOi^)^) t monocalcium phos­
phate (CatHgPO^jg'HOK), ammonium sulfate ((NH|^)2S0j[j,), calcium 
sulfate (CaS0^'2H0H), magnesium sulfate (MgSO^) and potassium 
sulfate (KgSOj^). Rates of application varied from salt to 
salt, but fell within a range of 100 to 1000 mg/100 g dry soil. 
Each salt stimulated microbial respiration (CO? evolution) at 
one or more rates of application. Phosphate containing salts 
stimulated microbial respiration more than sulfate containing 
salts. Addition of 500 mg KgHPO/^lOO g dry soil resulted in 
the largest increase in microbial respiration. 
Turk (1939) studied the effects of high concentrations of 
several fertilizer salts on microbial respiration in four 
mucks. Microbial respiration in "Trowbridge" muck was stimu­
lated by 1000 lb/A 0-9-24 singly or combined with 50 or 100 
lb/A CuSO^, or 2000 lb/A NaCl. Interestingly a combined 
treatment with 1000 lb/A 0-8-24 and 1000 lb/A NaCl inhibited 
microbial respiration. Microbial respiration in a "College" 
muck was also stimulated by 1000 lb/A 0-8-24, The remaining 
39 of 44 fertilizer-muck combinations resulted in decreased 
COg evolution relative to the unfertilized samples. The rea­
sons for apparent inconsistent and psrhaps contradictory re­
sults were not provided. 
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von Hosslin and Penningsfeld (19^9) reported increased 
respiration from a "Niedermoor" soil high in salts. Soil 
treated with N-P-K fertilizers showed the highest respirational 
activity, followed in decreasing order of activity by N-K, N-P, 
P-K, and untreated soil. 
Johnson and Guenzi (1963) studied effects of high concen­
trations of NaCl and NagSO^ on microbial respiration in cal­
careous and noncalcareous Fort Collins clay loam. Instead of 
expressing salt concentration on a (w/w) basis as other inves­
tigators had done, Johnson and Guenzi expressed salt concen­
trations on the basis of osmotic tension. Osmotic tensions 
employed ranged from 0 to 40 bars. Matric suction was held at 
0.5 bar. Respiration in both the noncalcareous and calcareous 
Fort Collins clay loams decreased with increased NaCl, or NaCl 
plus NagSO^ induced osmotic tensions. NagSO^ at low osmotic 
tensions stimulated soil respiration in both soils. However, 
higher osmotic tensions (10 to 30 bars) reduced soil respira­
tion. This work represented a significant step forward in 
understanding the effects of high salts on microorganisms and 
their activities in soil. The key is the use of osmotic pres­
sure since this factor takes into consideration both quantity 
and solubility of a salt in the soil. 
Parr (1969) found that respiration in a Webster silty clay 
loam was stimulated by anhydrous ammonia at rates of 1000 to 
12500 ppm NH^-K during 400 hours of incubation. Soil respira­
tion was inhibited initially by the anhydrous ammonia. The 
22 
time required for soil respiration to recover was proportional 
to the rate of anhydrous ammonia application. 
The data in the literature are inconsistent in terms of 
the effects of high concentrations of fertilizer or other 
salts on soil respiration. The use of osmotic tension or 
perhaps soil water potential may help explain inconsistencies 
that have been reported. Further studies are necessary to 
explain variable effects of high concentrations of fertilizer 
or other salts on microbial respiration in different soils. 
Ammonification 
Heterotrophic microorganisms obtaining energy through the 
oxidation of carbon-containing compounds in soil may release 
nitrogen that is not required for synthesis of protoplasm. 
Under moist soil conditions the nitrogen released is usually 
present as ammonium The microbial release of by 
decomposition of combined forms of N has been termed ammonifi­
cation. 
Ammonification is an activity that has been used to 
evaluate the effects of high concentrations of fertilizer or 
other salts on microorganisms in soil. Lipman (I909) was among 
the first to study the effects of high concentrations of salts 
on ammonification by soil microorganisms. Working with 
Bacillus subtilus in culture solutions, Lipman found that 0.1 M 
NaCl stimulated ammonification. However, ammonification was 
inhibited as the NaCl concentration increased from 0.2 to 1.5 M* 
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However, some ammonification still occurred at the 1.5 M NaCl 
concentration. 
Results with other salts were similar. Ammonification 
was inhibited by increasing salt concentrations. CaClg com­
pletely suppressed ammonification at concentrations > 0.4- M. 
Results with KCl were similar to those observed with NaCl, 
except in 0.1 M concentration of KCl ammonification was not 
stimulated. MgClg completely suppressed ammonification at 
0.6 M. Mixtures of divalent and monovalent chloride salts at 
low concentrations increased ammonification. Mixtures of 
divalent chloride salts were more toxic to ammonification than 
the same salts applied singly at identical molarities. 
Peck (1911) found that ammonification in soil-inoculated 
peptone solution increased at high concentrations of gypsum, 
calcium carbonate, potassium sulfate, dextrose, molasses and 
double superphosphate. Sodium nitrate and carbon disulfide 
inhibited ammonification. However, no correlation was found 
between the degree of ammonification and the number of micro­
organisms in the nutrient solution. 
Lipman conducted an extensive series of experiments deal­
ing with the effects of high concentrations of salts on several 
microbial activities including ammonification in soil. The 
papers reporting his results and observations can best be 
described as classics in the area of salt effects on soil 
microorganisms. Lipman (1912) studied the effects of high 
concentrations of sodium sulfate, sodium chloride, and sodium 
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carbonate on ammonification of dried blood in a light sandy 
soil from southern California. Ammonification was inhibited 
by these salts, but to different extents depending on concen­
tration. NaCl was most toxic, severely inhibiting ammonifica­
tion at 0.2?5. NagSO^ was less toxic than NaCl, with pronounced 
inhibition of ammonification at concentrations of Na2S0/|_ > 0.6?5. 
NagCO^ stimulated ammonification at concentrations of 0.0$ to 
liO^L Maximum stimulation occurred at 0.1^ NagCO^. Pronounced 
inhibition of ammonification occurred with NagCO^ concentra­
tion > 2 = 5?^= L'ipman euggested that the effects of NagCO? were 
not due to increased soil pH since the soil was alkaline prior 
to treatment. He reasoned that the stimulation observed with 
NagCO^ may have resulted from altered solubility of zeolitic 
silicates which in turn made large amounts of "plant food" 
available for microbial decomposition. Based on these data, 
Lipman reconsidered his former hypothesis that the anion 
portion of a salt had little consequence in determining salt 
toxicity to soil microorganisms. Lipman (1913) examined the 
antagonism between anions as a factor influencing the inhibi­
tion of ammonification by NaCl, Na^SO^^,, and NagCO^. Potential 
antagonism between anions could be important to salt affected 
soils since many soils in California contained mixed propor­
tions of NaCl, NagSO/j,, and Na^CO^. Ammonification was studied 
using 2^ (dry soil basis) added dried blood as a source of 
combined nitrogen in a light sandy loaiii soil. Soils were in­
cubated 4 days at temperatures that varied between S8-30"c, 
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sterile controls and untreated soil were incubated simultane­
ously. Ammonification was determined by steam distillation 
of soil 
"White alkali" soils were simulated by treatment with a 
mixture of NaCl and NagSO^y The concentration of NaCl was 
held constant at 0.2# and the concentration of NagSO^,, was 
varied from 0 to 0.8^. Previous work had shown 0.2# NaCl 
severely inhibited ammonification in soil. Additions of from 
0.1 to 0.355 NagSOji^ with 0.2% NaCl decreased the inhibition of 
ammonification in soil. However, further increased NagSO^ 
concentrations from 0.4 to 0.8# enhanced the inhibition of 
ammonification by NaCl. 
NagCO^ and NaCl were added to soil according to the same 
experimental design employed in the NaCl, Nag SO study. The 
NaCl concentration was held constant at 0.2# and the NagCO^ 
concentration varied from 0.0 to 1.2#. Addition of 0.2 to 
1.2# NagCO^ reduced the inhibition of ammonification by NaCl. 
In fact, NagCO^ reduced the inhibition of ammonification by 
NaCl. In fact, NagCO^ concentrations from 0.4 to 1.0# stimu­
lated ammonification relative to the untreated checks. Maximum 
stimulation occurred at a 0.7# Na^CO^ TDIUS 0.2# NaCl concen-
tration. 
Similarly, Na^SO^ and NagCO^ were applied to soil. The 
NsgSO^ concentration was held constant at 0.9# and NagCO^ con­
centrations varied from 0,0 to 1.2#. NagCO^ at O.3 and to a 
lesser extent 0.4# enhanced the inhibition of ammonification. 
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Ammonification was less inhibited by NagCO^ concentrations of 
from 0.5 to 0.7^. Higher NagCO^ concentrations (0.8-1.2#) 
enhanced the inhibition of ammonification. 
Thus Lipman (1913) concluded that anions can interact to 
alter the relative toxicity of a salt on ammonification in soil. 
Increased or decreased toxicity resulted depending on the salts 
and their concentrations. Lipman rejected the Osterhout hy­
pothesis that the sparing effect of one anion on the toxicity 
of another anion resulted due to competitive exclusion of one 
salt by another at the sites of entry into microbial cells. 
Lipman and Burgess (1914), Kelley (I912), Fred and Hart 
(1915) and Johnson (I917) studied the effects of high concen­
trations of various salts on ammonification in a variety of 
soils. Lipman and Burgess (1914) found that ammonification 
decreased as the concentrations of CuSO^, ZnSO^, FeSO^, or 
PbSOji^ in soil increased from 0.005 to 0.24#. The relative in­
hibition by these salts was GuSO^ > ZnSO^^ > PbSO^ > FeSO^^. 
Kelley (1912) examined the effects of CaCO? and IvlgCO^ on 
the ammonification of dried blood (5^ w/w) in soil. CaCO^ at 
1 to 6# concentrations increased ammonification. At 8 and 12# 
CaCO«. ammonification was stimulated but to a lesser degree 
than at the 6# concentration. MgCO^ at 1, 2, or 4# decreased 
ammonification. CaCO^ failed to reduce the toxic effect of 
MgCO^ on ammonification. Remember, however, these salts are 
only partially soluble. 
Fred and Hart (1915) studied the effects of phosphate and 
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sulfate containing salts on ammonification in soil. KgHPO^j., 
Ca^tPO^jg, CaSO^'ZHOH, MgSO^, and KgSO/^ were applied sepa­
rately to soil at rates of 1.0 x 10^, 2.5 x 10^, 5-0 x 10^, and 
1.0 X 10^ ppm. Ammonification increased almost linearly as 
the KgHPO^ concentration increased. Ca^tPO^jg and the three 
sulfate containing salts resulted in parabolic stimulation of 
ammonification. Maximum ammonification with Ca^tPO^jg or 
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CaSO^, 2H0H was observed at a 2.5 x 10"^ ppm concentration, 
MgSO^ and KgSO^ resulted in maximum ammonification at a 5*0 x 
10^ ppm concentration. 
Johnson (191?) studied the effects of several alkali salts 
on ammonification in soil. Singly applied salts either in­
creased or decreased ammonification depending on the salt and 
its concentration. Calt combinations generally stimulated 
ammonification. NagCO^, NaHCO^, and NagSO^^ were toxic to 
ammonification at concentrations of 0.2, 0.1, and 0.5^» 
respectively. CaCO^ stimulated ammonification at concentra­
tions up to 0.6^. CaCO^ also reduced the toxicity of other 
alkali salts on ammonification. 
Greaves (1916), Greaves and Lund (1921), and Greaves 
(1927) published a series of classic reports on the effects of 
high concentrations of salts on various microbial activities 
including ammonification in soil. Greaves (I916) reported the 
effects of the sodium, potassium, calcium, magnesium, manga­
nese, and iron salts of chloride, nitrate, sulfate, and car­
bonate on ammonification in soil. NaGl, NagSO^, and NaNG^ 
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were toxic to ammonification at concentrations in excess of 
14.4, 28.8, 115.0 ppm Na"^, respectively. Importantly, 
ammonification in 5060.4 ppm treated soil still occurred at 
from 11 to 359^ of the rate in untreated soil. NaCO^ 
stimulated ammonification at concentrations from 3 . 6  to 2300.I 
ppm. Ammonification was inhibited by NaCO^ concentrations 
from 2760.2 to 5060.4 ppm. These results agreed with those 
obtained by Lipman (1912) and further substantiated the hy­
pothesis that the anion portion of a salt was also responsible 
for the toxic effects of a salt on ammonification. 
Effects of KNO^, and KgCO^ were similar to those observed 
with NaNO^ and Na2C02. However, KGl and KgSO^ were toxic to 
ammonification over the entire range of concentrations (6.1-
8602.0 ppm K). 
CaClg and Ca(N0^)2 were toxic to ammonification at con­
centrations ranging from 3»13 to 4407.04 ppm Ca^^. CaSO^ 
stimulated ammonification at concentrations less than or equal 
to 200.32 ppm Ca^'. At higher concentrations OaSO^ was 
slightly inhibitory to ammonification. Inhibition of ammonifi» 
cation ranged from 1.2^ at 400.64 ppm to 3°5^ at 440?.04 ppm 
CaSO^. CaCOo reduced ammonification 3^ at concentrations of 
3.13 and 6.26 ppm. However, ammonification was stimulated by 
concentrations of CaCO^ ranging from 12.52 to 4407.04 ppm. 
Mg(N0^)2 in^hibited ammonification in soil over the entire 
range of concentrations tested (1.9 to 2675-2 ppm Mg"')o Simi­
larly, MgClg inhibited ammonification except for a slight 
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stimulation at a 1.9 ppm MgClg-Mg"^"'" concentration. MgSO^ de­
creased ammonification at all concentrations except 7«6 and 
15.2 ppm MgCO^ stimulated ammonification at concentra­
tions up to and including 6O.8 ppm Mg"*"^. Ammonification de­
creased as the MgCO^-Mg^^ concentration increased from 121.6 
to 2675»2 ppm. 
MnClg or MnSO^ at concentrations in excess of 68 ppm Mn^^ 
consistently inhibited ammonification. Lower concentrations 
of MnClg (4.3 to 34'3 ppm Mn) increased or decreased ammoni­
fication slightly. MnSO;,, on the other hand, stimulated 
ammonification from 12 to 23^ at these lower concentrations. 
Mn(N0^)2 stimulated ammonification at concentrations from 4.3 
to 104.9 ppm Mn^^. Further increases in Mn(N0^)2 concentra­
tions resulted in a consistent decline of ammonification. 
MnCO^ stimulated ammonification at concentrations less than 
3847.2 ppm Mn"*"^. 
FeCl^, FegCSO^)^, Fe(N0^j2' ^nd FeCO^ stimulated ammonifi­
cation in soil at concentrations up to 23.2, 5.8, 46.5, and 
136.0 ppm Fe*^*, respectively. Higher concentrations decreased 
ammonification. FeCO^ reduced ammonification only 12.2^ at 
4095'3 ppm Fe^^^. In contrast, FeCl^. FegfSO^)^, andFe(NO^)^ 
at 4095.3 ppm Fe^^^ concentration reduced ammonification 82.3, 
23.2, and 69.7^, respectively. 
Greaves (I9I6) also found that anions were responsible for 
salt effects on ammonification. The effects of different 
salts on ammonification were compared using salts sharing a 
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common anion but differing in cation composition. Although 
some cation-anion interactions occurred, most salts having an 
anion in common similarly affected ammonification. Greaves 
hypothesized that salt effects on ammonification were due 
primarily to physiological effects on ammonifying micro 
organisms. 
Osmotic pressure was implicated as a salt factor influ­
encing ammonification in soil. Greaves observed that the salts 
that enhanced ammonification generally stimulated the growth 
of higher plants= Thus he reasoned that a portion of the in­
creased plant growth in response to fertilizer salts occurred 
due to salt-enhanced ammonification in soil. 
Greaves and Lund (1921) studied the relationship between 
salt-induced osmotic pressures on ammonification in soil. 
Ammonification was reduced more than 50^ at osmotic pressures 
of 15 atmospheres. But ammonification still occurred at os­
motic pressures as high as 45 atmospheres. 
Greaves (1916) and Greaves and Lund (1921) examined the 
effects of several salts on ammonification in soil. Greaves 
(1927) studied the effects of salt mixtures at high concen­
trations on ammonification in soil. Salts were added to soils 
in 1921. Ammonification was determined annually for the next 
two years. Soil was removed, treated with 2^ dried blood, and 
incubated 4 days at IQfo moisture and 28-30°G. Ammonia formed 
was used as an index of ammonification. 
Results indicated that ammonification was severely and 
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immediately inhibited by all treatments. Ammonification re­
covered in both the 2^ NagSO^ and 2^ NagCO^ treated soils after 
a year of incubation. In contrast, remaining treatments such 
as 2^ NaCl and 2^ total concentrations of NaCl, Na^SO^^, and 
NagCO^ in all possible two or three salt combinations further 
decreased ammonification in soil. Ammonification was still 
inhibited after two years of incubation in all treatments. 
Some recovery of ammonification occurred with increased time 
of incubation. 
Turk (1939) studied the effects of high concentrations of 
several fertilizers on ammonification in four mucks. Ammoni­
fication was inhibited or stimulated depending on (1) the 
fertilizer and (2) the muck being studied. For example, 5000 
lb/A of 3-8-24 blend of CafHgPO^jg, and KCl in­
creased ammonification by 9.6 mg N/100 g in a "Crane" muck 
(pH 4.28) but decreased ammonification by 14.3 mg N/100 g in 
a "College" muck (pH 7.0), These results are confounded by 
effects of these salts on nitrification. The 9.6 mg 
accumulation in the "Crane" muck was accompanied by a 6.2 
mg/lOO g decrease in NO^'-N. Likewise decreased ammonification 
in the "College" muck was accompanied by an increase of 14.3 mg 
N0^~-N/100 g. Although results are similar to those reported 
by previous investigators, salt concentrations required to 
inhibit ammonification were much higher than those reported 
previously. Part of the reason for this discrepancy is the 
length of incubation. 
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More recently Sindhu and Cornfield (196?) and Premi and 
Cornfield (I969) have studied the effects of high concentra­
tions of various salts on ammonification in soil. In contrast 
to much of the work of previous investigators, Sindhu and 
Cornfield (I967) measured ammonification in soil without 
addition of organic N as a substrate for ammonifying micro­
organisms. Ammonification was apparently unaffected by NaCl 
and CaClg at concentrations of 0.1, O.25, and 0.50^ on a 
cation-NaCl equivalent basis. Ammonification was inhibited 
by 1.0 and 2.0# concentrations of NaCl, CaClg, MgCl^, Na^SO^, 
and MgSO^. Ammonification was stimulated by 0.5 and l.Ofo con­
centrations of KCl but inhibited at a 2,0% KCl concentration. 
KgSO^ and CaSO^ produced parabolic stimulations of ammonifica­
tion with maximum ammonification at 1.0 and 0.5%, respectively. 
Premi and Cornfield (I969) studied the effects of high 
concentrations of CuSO^, MnSO^, ZnSOj^j,, CrgtSO^)^, CaSO^, CuCO^, 
ZnCO^, and CaCO^ on ammonification in soil. Salts were applied 
at 10~, 10^, and 10" ppm of the respective cation. Soils were 
incubated aerobically or anaerobically. Results can be loosely 
interpreted as supporting their earlier work. Of particular 
interest are the results of the anaerobic incubations. Ammoni­
fication was stimulated by the 100 ppm concentration of CuSO^, 
MnSO^, and ZnSO^. Higher concentrations of all salts decreased 
ammonification. 
Aniifionificaxion is frequently stimulated by low salt con­
centrations. But ammonification is usually inhibited by high 
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salt concentrations, with carbonates as notable exceptions. No 
work has been reported on the effects of high concentrations 
of or )2HP0j| on ammo ni fic at ion in soil. 
Nitrification 
Nitrification is the microbial oxidation of to NO^ . 
Two types of nitrification have "been observed. Autotrophic 
nitrification is limited to only several species of bacteria 
that obtain energy from the oxidation of or NOg" to NO^ . 
COg serves as the major source of carbon for protoplasmic 
synthesis in these organisms. Heterotrophic nitrification, 
on the other hand, is a function of many species of bacteria, 
actinomycetes and fungi (Alexander, 1965). Energy is expended 
by these organisms in performing the oxidation of or NO g 
to NO^'. Some heterotrophic nitrifiers appear to oxidize 
directly to N0^~ without formation of NOg"* Hetero­
trophic ni t.ri r.i cation is probably of little significance in 
soil under most conditions. 
Nitrification represents a more specialized microbial 
function than either respiration or ammonification. Numerous 
investigations have been conducted to determine the effects of 
high salt concentrations on nitrification in soil. Greaves 
(1916} presented an excellent summary of early literature 
dealing vdth the effects of high salt concentration on nitrifi-
cationin soil. 
Peck (1911) studied the effects of high concentrations of 
several salts on nitrification in Omelianski solution contain­
3^ 
ing 457 ppm Incubations were made for 28 days at room 
temperature. Nitrification was only slightly decreased by 0.1# 
gypsum or double superphosphate. Calcium carbonate, sodium 
nitrate, potassium sulfate, and molasses at 0.1, 0.325» 0.1, 
and 0.2^ concentrations stimulated nitrification. Even carbon 
disulfide stimulated nitrification when added to soil at a 
concentration of 1 cc/500 g soil. 
Kelley (I912) studied the effects of high concentrations 
of GaCO^ and MgCO^ on nitrification in soil. Nitrification 
was increased by GaCO? concentrations from 1.0 to B.O^L MgCCq 
inhibited nitrification at all concentrations from 0.1 to S.Ofo, 
Lipman (I912), Lipman and Burgess (1914) investigated the 
effects of high concentrations of salts on nitrification in 
soil. Two percent dried blood was employed as a substrate for 
nitrification. Various concentrations of NaCl, NagSO^, and 
NagCO^ were added to soil and nitrate determined after 3 weeks 
incubation at 28"C. Soils were incubated at 18^ moisture. 
Both NaCl and NagSO^ stimulated nitrification at concen­
trations of 0.05 and 0.10^. Higher concentrations inhibited 
nitrification, with nitrification absent at concentrations of 
NaCl and Na^SO^L in excess of 0.40^ and 0.80^, respectively. 
NagCO^ was extremely toxic to nitrification» At the lowest 
NaGO^ concentration tested (0.05^), nitrification was reduced 
90^. NagCOo at concentrations > 0.10^ completely suppressed 
nitrification. Lipman concluded that the anion of each salt 
was chiefly responsible for inhibition of nitrification. 
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Lipman and Burgess (1914) found that CuSO^ and FeSO^^ in­
creased nitrification at concentrations of 0.05 and 0.15%' 
Z n S O i ^  increased nitrification at 0,05 and O . l O f o ,  but decreased 
nitrification at 0.1$#. Results with PbSO^ failed to show 
consistent trends. 
Greaves, Carter and Goldthorpe (1919) studied the effects 
of many salts and salt concentrations on nitrification in a 
sandy loam soil. Dried blood at a 2^ concentration was em­
ployed as a readily nitrifiable source of nitrogen. Chloride, 
sulfate, nitrate, and carbonate salts of sodium, calcium, po­
tassium, iron, manganese and magnesium were added to soil at 
concentrations from 0 to several thousand parts per million 
on the basis of the cation present. Soils were air dried, 
salts added, and soil moisture adjusted to 10^ with sterile 
distilled water. Nitrate-nitrogen was determined by a modified 
Kjeldahl distillation after soils had been incubated 21 days 
at 28-30°G. 
The only salt that stimulated nitrification at every con­
centration was CaSO^. Salts ranked in order of decreasing 
toxicity to nitrification are summarized as follows 1 NaSO^, 
NaCO_. K.SOu, K.CO., FefNO^)^, NaNO^. MgSOj., FtgfSO^)?, 
CaXNOjjg, KNO^, KCl, MgtNO^ig, MnCO^, MnClg, MnSO^, FegfCOj)^, 
MgClg, Mn(N0^)2, FeCl^, MgCO^, NaCl, CaClg. Toxicity of salts 
was more salt-specific than the anion-related toxicity ob­
served for ammonification. Salt toxicity was felt to be more 
a physiological than osmotic effect. Nitrate-containing salts 
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at high concentrations resulted in a net loss of nitrate from 
soil. This phenomenon was attributed to immobilization rather 
than denitrification. However, data were not presented to 
substantiate this hypothesis. 
Smith (1920) found that high concentrations of KCl de­
creased nitrification in Hagerstown, DeKalb, and Volusia silt 
loams. KgSO^ stimulated nitrification up to concentrations of 
1000 lb/A. Percentage inhibition of nitrification by a given 
salt concentration varied from soil to soil. Dried blood or 
NH^(S0^)2 were superior to NH^OH as a source of nitrogen for 
nitrification. 
Greaves and Lund (1921) found that nitrification was in­
hibited at salt-induced osmotic pressures greater than 3 
atmospheres. Nitrification decreased approximately 50^ 
at concentrations of Cl", CO^", N0^~, and SO^" salts of Na^, 
, Ca^^, , Mg^^, and Fe^* resulting in pressures equal to 
or greater than 6 atmospheres. 
Further work by Greaves (192?) demonstrated that nitrifi­
cation was severely inhibited at 2^ concentrations of KaCl, 
Na^SOj^, or Na2C02 applied singly or in combination. Only 
limited recovery of nitrification was observed after 1 or 2 
years of incubation. The most significant recovery of nitrifi­
cation occurred at 2^ NagSO^ concentration after 2 years of 
incubation. Greaves felt these results indicated nitrifiera 
were highly sensitive to sodium salts, especially those con­
taining C0^~, or Cl". He also suggested salt-induced destruc­
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tion of soil structure may have limited soil aeration and con­
sequently nitrification. In addition he found that soils 
leached to remove salts still exhibited low nitrification. 
But leached soils inoculated with untreated soil exhibited 
full recovery of nitrification. NaCl and NagGO^ apparently 
killed the nitrifying microorganisms in soil. 
Brown and Minges (1916) studied the effects of several 
manganese salts on nitrification in a Carrington clay loam. 
(NHj^ )2S02^ was employed as the substrate for nitrification. 
Manganese chloride at concentrations less than 0.5# had no 
effect on nitrification. Nitrification was progressively in­
hibited by manganese chloride concentrations from 0.5 to 5«0??. 
Manganese sulfate at a 0.5# concentration inhibited nitrifica­
tion but higher concentrations were not increasingly toxic to 
nitrification. Increasing concentrations of manganese nitrate 
also decreased nitrification. Manganese oxide inconsistently 
decreased nitrification. 
Hitchock (1916), Brown and Hitchock (I9I7) found increased 
or decreased nitrification in several Iowa soils depending on 
salt concentration. Nitrification was stimulated by low con­
centrations of NaCl or Nar.SO,,. MkSO», and CaCOr. stimulated C f - "T J  
nitrification at low and several high concentrations. Maximum 
stimulation of nitrification with CaCO^ occurred at I.5#. A 
50# reduction in nitrification resulted at 6# CaCO^o Nitrifi­
cation was inhibited by NaCl, NariCO^, NaCO^, or NagSO^^, at con­
centrations >0.02, 0.30, 0.50, 0.60#, respectively. 
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Smith (1931) concluded that organic manures were more in­
hibitory to nitrification than KCl. However, low rates of KCl 
were employed. The organic manures probably resulted in net 
immobilization of nitrogen rather than actually inhibiting 
nitrification. 
Turk (1939) found that nitrification in four mucks varied 
with the applied salt. Treatments were either 1000 lb/A 
0-8-24 (a blend of KCl and CafHgPO^ig) or 5000 lb/A 3-8-24 
((NH2^)2S02|,, KCl, and caXHgPO^jg blend) alone or in combination 
with GuSO': and/or NaCl. Nitrification was inhibited in the 
"Trowbridge" and "College" mucks by the 1000 lb/A treatment of 
0-8-24. Nitrification in the "Mt. Hope" and "Crane" mucks was 
stimulated at this concentration. Nitrification was inhibited 
in the "Trowbridge", "Mt. Hope", and "Crane" mucks but stimu­
lated in the "College" muck by treatment with 5000 lb/A of 
3-8-24, Treatment with 1000 lb/A 0-8-24 and 2000 lb/A NaCl 
reduced nitrification in the "Crane" and "College" mucks, but 
increased nitrification in the "Trowbridge" and "Mt. Hope" 
mucks. Treatment with 5000 lb/A 3-8-24 and 2000 lb/A NaCl 
reduced nitrification in the "Crane" muck but increased nitri­
fication in the other three mucks. 
Effects of sulfur on nitrification was studied in the 
"College" muck (pH 8.0) at concentrations from 0 to 20,000 
lb/A, A slight increase in nitrification was noted at 2000 
lb/A sulfur. Higher concentratiGns of sulfur decreased nitri­
fication. This reduction was closely related to increased 
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acidity associated with the higher rates of sulfur application. 
Hahn, Olson and Roberts (19^2) studied the effects of 
moderately high concentrations of potassium chloride on 
nitrification in a Bedford silt loam. was employed 
at 2820 ppm concentration as the substrate for nitrification. 
Statistically significant inhibition of nitrification resulted 
at KCl concentrations greater than 360 ppm. Additional ex­
periments were conducted to determine whether , 01", or KCl 
as a salt was responsible for inhibition of nitrification. 
Results indicated CI"" was toxic to nitrification. 
Eno and Blue (195^) found that anhydrous ammonia nitrified 
more rapidly than ammonium sulfate in an acid soil. They hy­
pothesized that increased soil pH enhanced the activity of 
nitrifying microorganisms. However, in neutral soil ammonium 
sulfate nitrified more rapidly than anhydrous ammonia. This 
reversal was attributed to increased toxicity of anhydrous 
ammonia at high pH, Further work by Eno, Blue, and Good (1953) 
confirmed that anhydrous ammonia inhibited nitrification at 
concentrations as low as 302 ppm Nitrification was 
inhibited at a soil pH of 8 , 5  or greater. Results indicated 
substantial reductions in the numbers of nitrifiers but un­
fortunately numbers of nitrifying microorganisms were not 
determined. 
Eno and Blue (1957) found that high concentrations of urea 
inhibited nitrification in three soils. Since urea is rapidly 
hydrolyzed to ammonia, urea would be expected to affect 
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nitrification similarly to ammonia. Nitrification was 
severely inhibited by urea-N concentrations > 600 ppm. 
Broadbent et al, (1957) studied the nitrification of 
high concentrations of ammonium fertilizers in six California 
soils. Soils were chosen to represent a pH range from 5»^ to 
8.1. (NH2^)2S0/p, and were applied to soils at 
concentrations from 0 to 4000 ppm. NHj^NO^ concentrations 
1600 ppm N or greater completely suppressed nitrification. 
Likewise, NHji^OH completely suppressed nitrification in all but 
the tv.'c most acid soIIb- The authors concluded that inhibition 
of nitrification by high concentrations of ammonical fertilizers 
was due to several factors. Inhibitions at low pH were at­
tributed to localized effects of high acidity on the nitrify­
ing microorganisms. Inhibitions at high pH were attributed 
to the toxicity of free ammonia on the NOg oxidizing micro­
organisms. Salt or osmotic effects were considered of limited 
importance to inhibitions at high or low pH, 
Mcintosh and Frederick (1958) applied N%OH to soil in 
the laboratory to simulate the locus of anhydrous anmionia 
retention in the field. concentrations averaged in 
excess of 1200 ppm at 1/2" distance from the point of injection. 
Nitrification was determined weekly for 10 weeks. Despite 
concentrations in excess of 700 ppm and pH values 
greater than 8,5: nitrification occurred at the point of in­
jection during the first week of incubation. The rate of 
nitrification increased with increased distance away from the 
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point of injection. Maximum rates of nitrification occurred 
during the second week of incubation, 
Wahnab and Rasool (i960) found that 6OOO ppm concentra­
tions of NagCO?, NaHGO^, NagSO^, NaCl, or MgClg significantly 
reduced nitrification of (NH|j_)230j^ in soil. Following a 14-
week incubation the nitrate concentration in untreated soil 
was 242 ppm NO^-N. NO^~-N concentrations of 62, 76, 119, 85» 
and 125 ppm were found in the NagCO^, NaHGO^, NaSO^, NaCl, and 
MgClg treated soils, respectively. These results are in agree­
ment with those previously reported by other investigators. 
Johnson and Guenzi (I963) found that osmotic tension pro­
duced by either NaCl or NagSO^, or a mixture of these salts, 
was correlated with decreased nitrification in calcareous 
and noncalcareous soil. Curvilinear relationships were ob­
served between nitrification and osmotic tension in both cal­
careous and noncalcareous soils. A more gradual decrease in 
nitrification was noted with increasing osmotic tension in the 
calcareous soil. No reasons were presented to explain the 
apparent greater tolerance of nitrifying microorganisms in 
calcareous soil. Johnson and Guenzi*s finding that osmotic 
tension and decreased nitrification are related conflicts with 
speculation by other investigators that osmotic tension was of 
little significance to the inhibition of nitrification by salts. 
More recently Sindhu and Cornfield (196f), Premi and 
Cornfield (I969) have studied the effects of various sales on 
nitrification in soil. Results of Sindhu and Cornfield (I967) 
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indicate that chloride salts of potassium,sodium, calcium, and 
magnesium suppressed nitrification at concentrations in excess 
of Oo5^! Sulfate salts of these same cations at concentra­
tions up to 2^ inhibited nitrification only slightly. Premi 
and Cornfield (I969) found that CuSO^, MnSO^, ZnSOjij,, and 
CrgtSO^)^ were increasingly inhibitory to nitrification as 
their concentrations were increased from 100 to 10,000 ppm 
(cation-basis). However, GaSO^, CuCO^, ZnCO^, and CaCO^ 
stimulated nitrification at concentrations of 100 to 10,000 pp 
ppm= However, results reported are difficult to interpret. 
Also the incubation procedure of Sindhu and Cornfield has re­
cently been questioned by Douglas and Bremner (I97I). 
Bezdicek, MacGregor, and Martin (1971) used a different 
approach in studying the effects of high concentrations of 
fertilizer salts on nitrification in an Ulen fine sandy loam. 
One or more granules containing a specified amount of fer­
tilizer were inserted in soil. Multiple granules were im­
planted in soil at distances of 0.5» 1.0, 1.5 cm apart in a 
box pattern. For comparison, finely powdered fertilizers were 
mixed as unifoimly as possible with soil and nitrification 
determined. Periodically entire samples were analyzed for 
NOg", and 
Diammonium phosphate at a concentration of 330 ppm N in­
hibited nitrification for 10 days immediately adjacent to the 
fertilizer granule. Significant accumulations of NOg" '"sro 
observed during this period. Calculations revealed that urea 
produced more free ammonia adjacent to the fertilizer granule 
than either diammonium phosphate or ammonium sulfate. Urea 
also resulted in the highest accumulation of NOg . Single 
granule studies indicated that effects observed with di-
ammonium phosphate resulted because was confined around 
the granule. This supports Hauck and Stephenson's (1965) 
hypothesis that ammonium from diammonium phosphate is precipi­
tated adjacent to a fertilizer granule in a chemically com-
plexed form. 
Isensee and Walsh (1971) studied effects of high concentra­
tions of several fertilizer salts on nitrification in a Gros-
wold loam. Fertilizer bands of NH^NO^, (NHj[j,)2HP0/^, KCl, 
Ca(H2P02j,)2*H0H singly or in various combinations were simulated 
under controlled, laboratory conditions. Toxic levels of NOg" 
accumulated near the simulated urea or urea plus KCl fertilizer 
bands. If NOg" accumulation can be interpreted as indicating 
inhibition of nitrification, then all treatments were inhibi­
tory to nitrification for a certain period of time during a 
total of 32 days of incubation. 
The physiological effects of salts on nitrification have 
been recently studied by Stojanovic and Alexander (1958), 
Aleem and Alexander (I96O), Weber and Gainey (I962) and Harada 
and Hideaki (I968). Stojanovic and Alexander (1958) studied 
inhibition of nitrification in a Honsoye soil (pH 7.72), 
Studies were conducted using a soil perfusion apparatus. 
Nitrosomonas spp, were not inhibited by concentrations of 
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as high as I78O ppm. Nitrite at concentrations as high 
as 1000 ppm NOg'-N failed to inhibit oxidation of NOg" to 
NO^" by Nitrobacter spp. However, NH^^'^'-N at I78O ppm concen­
tration did inhibit NO^" formation. High concentrations of 
were concluded to be toxic to Nitrobacter in high pH soil. 
Aleem and Alexander (I96O) found that as little as I30 ppm 
NOg'-N prolonged the lag phase of growth 2-3 days in 
Nitrobacter agilis. Exponential phase cultures of N» agi11s 
were not inhibited by up to 500 ppm NOg'-N. In addition, 1000 
to 2000 ppm concentrations of NG^~-N prolonged the lag period 
of N. agilis. Nitrate nitrogen at 5000 ppm concentration 
inhibited nitrification of NO^ . As phosphorus, magnesium, and 
iron concentration increased from 0 to 25 ppm, NOg" oxidation 
increased. 
Harada and Hideaki (I968) found that high concentrations 
of in culture solution made ni tri fiers more sensitive to 
salt inhibition. High concentrations or salts increased 
sensitivity of nitrifiera. Nitrate oxidising organisms v/ere 
more susceptible to salt or NHj^^ inhibition than nitrite 
oxidizing organisms. 
Many investigations have been made on effects of high 
concentrations of fertilizer and other salts on nitrification 
in a multitude of soils. Recent work has stressed the impor­
tance of these effects as they relate to band applications of 
fertilizer. Pew studies have dealt with the effects of high 
concentrations of NH^^NO^, (NIIji^)2HP0j[^, or Ca(H2p0i^)2»H0H on 
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nitrification in soil. Additional studies on these salts are 
necessary due to their frequent application in band form. 
High Salt Effects on Soil Enzyme Activities 
Few studies have been reported on the effects of high con­
centrations of fertilizer or other salts on enzyme activities 
in soil. Pugh and Waid (1969a,b) found that CuSO^'5 HOH at 
0.4 mM/100 g concentration (254 ppm ) was slightly inhibi­
tory to urease activity in soil. Pugh and Waid (1969a,b) in­
dicated that Gu80^'5 HOH was the most effective inhibitor 
tested for reducing ammonia loss from urea during a 30-day 
period following application of urea to a Sonning sandy loam 
or an Ipsden clay loam. 
Bremner and Douglas (1971) reported that urease activity 
in soil was inhibited by 50 ppm concentrations (cation-basis) 
of Ag(N0^)2i AgSO^, CuClg, Pb(N0^)2. ^ ^2' HgSO^, CuCl^, or 
CUgisu^)^. urease activity was unaffected by ppm concen­
trations of KaGl, NagSOj^, KGl, CaClg, ZnClg. MnGlg, AlCl^, 
or FsGl^. 
Further studies must be conducted to evaluate the effects 
of high concentrations of fertilizer salts on enzyme activi­
ties in soil. 
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MATERIALS 
Soils 
Samples of six soils were used. A description of site, 
location, sample processing and storage follows. 
Clarion clay loam was obtained in I968 from the Kalsow 
Prairie in Pocahontas County, Iowa. The Kalsow Prairie is 
located in the NE 1/4, section 36, T90N=R32W of the fifth 
principal meridian. Soil was taken from the A1 horizon adja­
cent to an identification marker labelled "E~45". Soil was 
placed in garbage cans doubled lined with 30-gallon plastic 
bags and transported to the laboratory. Soil was moist 
screened to remove plant litter, mixed in a MacLellan Batch-
mixer^ and stored in plastic-lined garbage cans in a walk-in 
cooler at 5°C. 
Samples of Okoboji clay loam (cl). Clarion silty clay loam 
(sicl), Webster sicx, Wicoiiet ioam (i), and Wadena loamy aaiiù 
(Is) were collected in early December, 1972. Okoboji cl v^as 
obtained from the NVV 1/4, Sec 1, T84K-R26y,' of the fifth princi­
pal meridian, Dodge Township, Boone County, Iowa. Clarion 
sicl was obtained from the Kalsow Prairie. Webster sicl v/as 
obtained from the NW 1/4, Sec 3, T83N-R24W of the fifth princi­
pal meridian, Washington Tov/nehipi Story County, Iowa. 
Nicollet loam was obtained from the SW 1/4, Sec 10, T83N-R24W 
^Model no. 1 MacLellan Batchmixer, manufactured by Algo 
American Mill Corporation, Incorporated, Owensboro, Kent. 
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of the fifth principal meridian, Washington Township, Story 
County, Iowa. Wadena Is was obtained from NW 1/4, Sec 1, 
T85N-R26W of the fifth principal meridian, Dodge Township, 
Boone County, Iowa. 
Soils were removed, placed in plastic garbage can liners 
and transported to the laboratory. Soils were initially too 
moist to pass a 2-mm sieve. Hence each of the five soils was 
spread on freezer paper and allowed to air dry for two days. 
Soils were mixed periodically during drying. Each soil was 
sieved, mixed, and returned to a plastic garbage can liner. 
Soils were stored at room temperature in the laboratory. 
Several physical-chemical properties of these five soils 
appear in Table 1. Methods of analysis are described in the 
methods section of this paper. 
Chemicals and Supplies 
Fertilizers 
Reagent grade chsraicals were used as fertilisers in this 
study. Prilled ammonium nitrate^  was employed. 
Crystalline dibasic ammonium phosphate ( and mono­
basic calcium phosphate^  (Ca(H2P0;i^ )2»H0H) were used. Granular 
B^aker Analyzed Reagent, lot No.s 31109 and 38309» T' 
Baker Chemical Co., Phillipsburg, N.J. 
L^ot PNNs Mallinckrodt Chemical Works, St. Louis, Mis­
souri; New York, New York; Montreal, Canada. 
L^ot PLT, Mallinckrodt Chemical Works, St. Louis, Mis­
souri; New York, New York; Montreal, Cans da. 
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Table 1. Some physical-chemical properties of six Iowa soils 
Soil 
Textural analyses (55) 
Sand Silt Clay Type 
Specific 
surface 
(af/g) 
Clarion 26.5 32.5 39.0 Clay loam 140.2 
Okoboji 25.0 40.6 34.5 Clay loam 62.7 
Webster 16.5 47.7 35.8 Silty clay loam 130.0 
Clarion 16.5 58.3 35.2 Silty clay loam 143.4 
Nicollet 49.5 31.8 18.7 Loam 99.9 
Wadena 80.8 9.2 10.0 Loamy sand 32.9 
Moisture retained by wt) at 
several tensions (bars) 
0.00 0.03 0.05 0.13 0.34 0.50 
Clarion 58.2 48.4 42.2 36.6 35.8 34.9 
Okoboji 44.8 43.9 43.1 33.4 24.3 20.7 
Webster 50.5 50.3 50.1 49.5 36.7 34.4 
r* T 0 /«vvs 
v ^ w a a 
<0 ÎL 5? - ^  nn. 0 'ît- 2 14.6 
Nicollet 48.5 48.4 48.3 47.2 25.6 23.7 
Wadena 23.3 21,7 18.9 10.7 8.0 7.7 
pH (2, 
l-D'HOH, 
soil) 
Total 
carbon 
(?) 
CEC 
(meq/ 
100 s) 
Exchangeable 
cations (mea/100 e) 
G à K 
Clarion 6.2 4.1 37.7 24.8 4.8 0.04 
Okoboji 7.7 4.1 30.2 21.5 3.4 0.06 
Webster 6.9 3.0 42. 32,0 7.4 0.21 
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Table 1. (Continued) 
Soil 
pH (2» Total 
1-D'HOH carbon 
soil) 1%) 
CEC 
(meq/ 
100 g) 
Exchangeable 
cations (mea/100 g) 
Ca Mg K 
Clarion 5.8 0.6 39.5 20.4 4.9 0.04 
Nicollet 7.3 2.7 41.7 33.9 3.3 0.05 
Wadena 5.6 0.6 8.6 5.0 1.9 0.04 
Bray-P 
(ppm) 
ppm 
NH4+-N 
ppm 
NO 3 -N 
Soluble salts 
(mmhos/cm 
25°C) 
Clarion 225 7.4 28.1 1.05 
Okoboji 157 4.5 11.0 n.d.B 
Webster 80 5.4 32.5 n.d. 
Clarion 386 3.1 20.4 n.d. 
Nicollet 217 8.6 36.0 n. d. 
Wadena 131 1.7 0.2 n.d. 
^n=d» = not determined. 
potassium chloride^  (KCl) was employed. 
Other chemicals 
Reagent grade chemicals were used in all chemical 
analyses. 
"Lot vJK, Mailinekr-ouu Chemical Works, St. Louis, Mis­
souri; New York, New York; Montreal, Canada. 
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Growth media 
Bacto-Agar, nutrient broth, peptone, MR-VP medium, potato 
dextrose agar and Simmons Citrate Agar were employed^ . Bac-
2 teriologically tested yeast extract was employed . All salts 
except sodium chloride (NaCl) were reagent grade. Morton salt 
was substituted for reagent grade NaCl^ . Egg albumen scales 
k 
were employed . 
A 10"^  dilution of streptomycin sulfate^  (stock strength 
of 250 ^ m^l) was employed as an antibiotic in Martin's medium 
for fungi. The rose bengal contained in this medium was certi­
fied for bacteriological staining. 
Dilution blanks were prepared using tap water plus 5 ml/1 
of % Calgon^ . Blanks containing 94 ml of sterile diluent 
were used for initial soil dilutions (10"^ ). Blanks containing 
90 or 99 ml were used for subsequent dilutions depending on the 
dilution required. 
D^IPGO laboratories. Detroit, Michigan. 
2 Baltimore Biological Laboratory (BBL), Baltimore, Mary­
land. Lot No. 903600. 
N^aCl with MgCO] added. Morton Salt Company, Chicago, 
Illinois 60606, 
M^allinckrodt Chemical Works, St. Louis, Missouri; New 
York, New York; Montreal, Canada. 
S^treptomycin sulfate, U.S.P., Eli Lilly and Co., Indi-
anapolic, Ind. 46206. 
A^ commercial preparation of sodium metaphosphate and 
sodium carbonate by the Calgon Corp., Pittsburgh, Penn. 15230. 
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Biochemical reagentB 
Luciferin-Luciferase employed in the ATP determination was 
obtained in 50 mg/vial quantities as a "B grade" firefly lan­
tern extract^ . Vials were stored in a refrigerator. Recon­
stituted in 5-0 ml of pH 7.8 0,02 M Tris buffer, each vial is 
0.05 M in potassium arsenate and 0.02 M in magnesium sulfate. 
Disodium p-nitrophenyl phosphate (trihydrate) was obtained 
as an "A grade" preparation". This material was stored in a 
freezer at -20°C. Substrate was dissolved in pH 6,5 Modified 
Universal Buffer (1,310 g/1) resulting in a final concentration 
of 0.005 M p-nitrophenyl phosphate. 
Polystyrene latex beads , 1.305 micrometers in diameter, 
were employed as inert particles in the bead-ratio counting 
procedure. 
Apparatus 
Incubation equipment 
Two manifold assemblies were constructed for soil respira­
tion studies. The first manifold was constructed from two 
4 1/2 ft sections of 1 1/4 in. diameter extra heavy, black 
pipe. A total of one hundred 7/64 in. diameter holes were 
drilled along the two sections of pipe. These holes were 
G^albiochem., P.O. Box 12087, San Diego, Calif. 92112. 
2 Available from the Diagnostic Products Division, The Dov; 
Chemical Co., P.O. Box 512, Biomroducts Center, Midland, Mich. 
48640. 
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drilled 1 inch apart at 180° angles from adjacent holes. Each 
of the one hundred 7/64 in. diameter holes was threaded to 1/8 
in, normal pipe thread using an 1/8 in. NPT tap. An 1/8 x 
1 1/2 in. extra heavy black pipe nipple was threaded and 
sealed into each hole. The internal diameter of each of these 
nipples had previously been drilled to 1/4 in. using a press 
drill. Shoulder type drop needles^  were inserted in each pipe 
nipple so that the needle's point was directed away from the 
manifold. An adjustable valve was formed by threading an 1/8 
in- No, 72 tapered pipe thread cap orifice^  on the exposed end 
of the pipe nipple. 
Two inches on each end of both sections of pipe were pre­
served for threading. Following threading, the two sections of 
manifold were joined using a 1 1/2 x 1 1/2 x 1 inch T-joint. 
Open ends of the assembled pipe were closed using 1 1/2 inch 
pipe caps. A 1 inch pipe nipple, 4 inches in length, was used 
to connect the manifold to a pressure regulator". The regula­
tor was joined through a series of reducers to a 3/8 inch 
elbow. The elbow was coupled to an approximate 4 inch length 
of 3/8 inch copper tubing. Tygon tubing served to connect the 
copper tubing to the pressurized air supply. 
N^eedle part No. MI-109, Cap orifice No. CO-401. Avail­
able from Anderson and Forrester, Inc., 5995 N. Washington, 
Denver, Colorado 80216. 
2 Regulator type 730 KP with range of regulation from 5 to 
15 inches of water pressure. Available from Fisher Governor 
Go a, Marshalltow., Iowa 50518 = 
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The COg concentration in the air supplied to the mani­
fold was reduced by forcing the air to bubble through two 
consecutive 5-liter volumes of 1.0 N NaOH. The air then passed 
through 5 liters of distilled water. A fourth, empty carboy 
in the series was employed as a trap. 
Each air outlet on the manifold was connected via rubber 
tubing to a 500-ml Erlenmeyer flask. The inlet tube of each 
flask was adjusted so that air would be discharged just above 
the surface of 150 grams (oven dry basis) Clarion clay loam. 
The outlet tube was connected to a series of two culture 
tubes. The first 22 x 150 mm culture tube contained 75-0 
ml boric acid plus mixed indicator. This solution trapped 
ammonia volatilized from the soil contained in the incubation 
flask. The second tube contained 75«0 ml of standardized 1.0 
N NaOH. The standardized NaOH was used to quantitatively de­
termine the COg produced by microbial respiration in soil. 
Flasks and culture tubes were supported in appropriate sized 
holes cut in 3 1/2 x 12 ft sections of 2-inch thickness Btyro-
foam. The styrofoam base insulated the soil incubation system 
against sudden changes in temperature. 
A second manifold was constructed according to the same 
design as the first with the following modifications. Two-
inch diameter Genova schedule-lO, PVC pipe was used in place 
of extra heavy black pipe because of extreme difficulty en­
countered in tappiïîg or threading extra heavy black pipe. PVC 
pipe was much easier to tap and thread. 
A total of four hundred 3/32-inch diameter holes were 
drilled in four 10-foot sections of PVC pipe. Four holes were 
drilled radially at 90° angles to each other at 4-inch inter­
vals on each section of pipe. Each of the 3/32-inch diameter 
holes was threaded using a 1/8 NPT tap. Valves were assembled 
as described for the first manifold. 
One foot of pipe was left undrilled at both ends of each 
of the four-pipe sections. Two-inch diameter NPT threaded PVC 
adapters were cemented on the end of the four-pipe sections. 
Pipe sections were coupled using a 2-inch "T" and exposed ends 
sealed with rubber stoppers and capped with 2-inch pipe caps. 
The resulting two sections of manifold were placed on a support 
stand and coupled together in the middle using appropriate 
sized pipe nipples and another "T". A pressure regulator^  was 
attached to the "T" using a pipe nipple. Finally, the regula­
tor was connected via a series of reducers and a 1/8-inch 
diameter pipe nipple. This in turn was connected oy tygon 
tubing and the series of four 9-liter carboys similar to those 
described for the first manifold. 
Styrofoam panels 8 inches wide x 2 inches thick x 10 feet 
long were employed to support the 250-ml Erlenmeyer incubation 
flasks and the 175 x 22 mm culture tubes. 
The second manifold is shown in Figures 1 and 2. The 
F^low meter- No. 2, 10-1900 cm^  air/min range, Roger 
Gilmont Instruments, Inc., 1 Great Neck Road, Great Neck, 
New York. 
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Figurs lo Four hundred outlet PVC manifold for soil respira­
tion studies (side view) -
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Figure 2. Four hundred outlet PVC manifold for soil respira-
uiojû soUuiss (ovGrhGS.d view) 
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apparatus has 50 outlets at each of four levels occurring on 
both sides of the pressure regulator. 
Air valves on both manifolds were adjusted to similar 
flow rates using an RGI flow meter^ . Valves were adjusted to 
allow 10 cm^  of air to pass per minute at a pressure of 7 
inches of water. This was accomplished by first opening all 
air valves and then adjusting the regulator to give pressure in 
the manifold equal to 7 inches of water pressure. Beginning 
with the valves closest to the regulator, valves were closed 
to give the required flow rate. Back pressure that developed 
between the air source and the pressure regulator was elimi­
nated by a relief valve. Pressure in the manifold was main­
tained at 7 inches of water while adjustments were being made. 
Microscopic count equipment 
2 A Petroff-Hauser bacterial counting chamber and rein­
forced coverslip were ucsd to determine the number of poly­
styrene beads/cm^  of bead suspension employed in the micro­
scopic counting procedure. 
An American Optical "Spencer" binocular microscope^  
1 q 
"Flow meter No. 2, 10-1900 cm' air/min range. Roger 
Gilmont Instruments, Inc., 1 Great Neck Road, Great Neck, 
New York. 
2 Available from the Arthur H. Thomas Company, Vine 
Street at Third, Philadelphia, Pennsylvania 19105. 
P^roduct of the Amorican Optical Corp», Scientific In­
strument Division, Sugar and Eggert Rds., Buffalo, New York 
14200. 
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equipped with 20X wide field eyepieces was used to make 
microbial counts. The right eyepiece contained a 5-nim eye­
piece micrometer graduated in units of 0.05 mm, while the left 
was fitted with a crossline micrometer. Illumination was pro­
vided by a Model 7100 Tensor high intensity lamp^ . 
Other equipment 
2 A Bausch and Lomb Spectronic 20 was employed for the 
colorimetric determinations of phosphatase activity and avail­
able phosphorus. 
A Perkin-Ëlmer flame photometer- was used for ustermina-
tion of available potassium. 
An Orion Model 701 digital pH meter^  equipped with a Model 
95-10 ammonia electrode was used for determination of ex­
changeable ammonium, nitrate-distilled as ammonium, and 
ammonium released by soil urease activity. 
A Beckman DPM-lOO Liquid Scintillation Counting System^  
was used to determine soil ATP. 
1 
Product of the Tensor Company, Brooklyn, New York. 
2 Product of Bausch and Lomb, Inc., Analytical Systems 
Div. , 820 Linden Ave., Rochester, New York 14625. 
P^roduct of Perkin-Elmer Corp., 702-G Main Ave., Norwalk, 
Conn. 06856. 
k 
Product of Orion Research Inc., 380 Putnam Ave., Cam­
bridge, Mass. 02139. 
P^roduct of Yellow Springs Instrument Co., Inc., P.O. 
Box 279, Yellow Springs, Ohio 4538?. 
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A Yellow Springs Instrument (YSI) conductivity cell and 
meter^  were used to determine soluble salts in soil saturation 
extracts. 
2 A Honeywell Relative Humidity Readout Instrument was used 
to determine soil water activity (total moisture potential). 
P^roduct of Yellow Springs Instrument Co., Inc., P.O. 
Box 279, Yellow Springs, Ohio 5^38?. 
P^roduct of Honeywell, Inc., Process Control Div., 1100 
Virginia Drive, Fort Washington, Penn. 19034. 
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METHODS 
Experimental Design 
The effects of high concentrations of ammonium nitrate, 
diammonium phosphate, monocalcium phosphate, and potassium 
chloride on soil microbial biomass, numbers, and activities 
were determined in a series of laboratory experiments. An 
experiment was conducted with each salt to determine the ef­
fects of that salt on microbial biomass, numbers, and activi­
ties in a Clarion clay loam. A nested experimental design was 
employed with incubation periods of 3. 9. 27, and 81 days. 
Fertilizer salt concentrations studied were 0, 5 x 10^ , 
5 X 10^ , 5 X 10^ , and 5 x 10^  ppm of added elemental macro-
nutrient. Treatments were replicated five times. Incubations 
were conducted using the extra heavy black pipe manifold to 
provide continuous gas exchange and determine soil respiration. 
Incubation flasks were placed on the manifold completely at 
random. 
The effects of high concentrations of these same salts 
were determined on five other Iowa soils. Soils studied were 
Clarion silty clay loam. Webster silty clay loam, Nicollet 
loam, Wadena loamy sand, and Okoboji clay loam. Soils were 
chosen to represent a range of texture and organic matter 
content. A nested experimerstal design was employed with in­
cubation periods of 0, 2?, 5^ , and 81 days. Fertilizer salt 
concentrations studied were 0, 5 x 10^ , and 1 x 10^  ppm of 
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added elemental macronutrient. Treatments were applied in 
duplicatet Incubations were conducted on the 100-outlet, 
PVC manifold. Incubation flasks were assigned positions on 
the manifold according to a randomized block design that com­
pensated for vertical and horizontal temperatures in the 
laboratory. 
Biological Analyses 
Numbers of bacteria and actinomycetes in soil were deter­
mined by plate counts on egg-albumen agar as described by Clark 
(1965). 
Numbers of fungi in soil were determined by plate counts 
on Rose-bengal streptomycin agar as described by Menzies 
(1965). 
Total numbers of microorganisms in soil were determined 
by direct microscopy as described by Peterson (1971). 
Numbers of nematodes in soil were determined by the Baer-
mann funnel technique as described by Altaian (1965) with one 
revision. The quantity of soil analyzed was reduced from 50 or 
100 g as recommended by Altman to 10 or 15 g because of the 
limited quantity of soil available for analysis. 
Soil respiration was determined as described by Rothwell 
(1955) using the incubation manifold systems described on 
pages 51-57. 
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Biochemical Analyses 
Soil ATP was determined as described by Lee et al. (1971) 
with the following minor modifications. Analyses were per­
formed on 1.0 g samples of soil. Two-tenths ml of firefly ex­
tract was added to 5.0 ml 0.02 M Tris buffer in a 20-ml liquid 
scintillation vial. Five ml of an ATP-containing extract were 
added to the vial, the contents shaken for several seconds and 
light emission determined in a Beckraan DPM-100 Liquid Scin­
tillation Counting System (Tritium window; gain-291). An 
average 12-second delay occurred between addition of the ATP-
containing extract to the vial and determination of light 
emission. Counts were made for 30 seconds. 
Phosphatase-activity in soil was determined according to 
the procedure of Tabatabai and Bremner (I969). Concentrations 
— 2  
of p-nitrophenyl phosphate substrate was reduced from 5 x 10" 
K to 5 " lO'" ^  TO suustrate. P-nitrcphencl concen­
tration was determined colorimetrically at 400 m|a in a Spec-
tronic 20 containing a blue filter. 
Urease-activity in soil was determined according to the 
procedure of Tabatabai and Bremner (1972). NH^ -^N released 
through soil urease activity was determined in 2N KCl extracts 
using the ammonia electrode procedure described by Banwart, 
Tabatabai, and Bremner (1972). Soils containing high concen­
trations of ammonium were preleached with 2N KCl prior to 
urease analysis. 
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Physical-Chemical Analyses 
Soil pH was determined in a 1:2 soil-to-water suspension 
with the glass-calomel electrode procedure described by Peech 
(1965). 
Total carbon was determined using the Leco fO-second 
carbon analyzer and the procedure of Tabatabai and Bremner 
(1970). 
Particle-size analyses were made using the pipette method 
of Day (1965). 
Specific surface was determined by the ethylene glycol 
equilibration procedure described by Mortland and Kemper 
(1965). Soil organic matter was not destroyed in soil samples 
prior to analysis. 
Inorganic forms of nitrogen (NH^ ,^ NOg". NO^ ") were de­
termined according to semi-micro steam distillation procedure 
nHMnriuHu uv Bremner (1965). The ammonia electrode replaced 
steam distillation for determination of ammonium in the soil 
comparison study. 
Available and water soluble phosphorus were determined in 
Bray No. 1 and diffusion extracts according to the procedures 
described by Olsen and Dean (1965). 
Exchange able potassium v;as determined flame photo­
metrically in neutral, 1 N ammonium acetate extracts according 
to the procedure described by Pratt (I965). 
Water retention by soil at various moisture tension was 
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determined using two procedures. Water retention at low mois­
ture tensions was determined using the Tempe cell procedure 
described by Powers (I965). Water retention at intermediate 
and high tensions was determined according to the pressure 
membrane procedure described by Richards (I965). 
Exchangeable calcium and magnesium were determined in 
neutral, 1 N ammonium acetate extracts according to the pro­
cedure described by Heald (1965). 
Cation-exchange capacity was determined by the ammonium 
saturation technique of Chapman (1965). Exchangeable ammonium 
was determined by steam distillation (Bremner, 1965) or with 
an ammonia electrode (Banwart, îabatabai and Bremner, 1972). 
Soluble salts were determined according to the saturation 
extract procedure described by Bower and Wilcox (I965). 
Saturation extracts were prepared using 50.0 g (oven dry weight 
basis) of soil. 
Water activity in soil was determined as follows. A cell 
was prepared for measurement of relative humidity in soil using 
a 50 ml, 35 rom X 75 mm round, bottomless glass bottle. Three 
relative humidity sensors with ranges of 50-75, 65-90, and 
80-100 percent relative humidity, respectively, were covered 
with nylon mesh of the type used in hosiery» The nylon covers 
were rectangularly shaped like the humidity sensors but some­
what smaller. Seams along one end and side of a nylon cover 
were made using a sewing machine. The nylon covsr fit tightly 
over the humidity sensor to exclude soil but allow the atmos­
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phere of the sensor to equilibrate with the soil atmosphere. 
The three sensors were inserted in a round styrofoam base 35 mm 
in diameter by 10 mm thick. The styrofoam base and sensors 
were positioned at the base of a bottomless bottle supported 
in a vertical position by a laboratory clamp and ringstand. 
Soil was poured into the cell, gently packed around and over 
the humidity sensor, and the top of the cell stoppered with a 
No. 8 solid stopper. Sensors were allowed to equilibrate 
with the soil for 30 minutes. Relative huiiiidity was determined 
and recorded. Readings were repeated at 15 minute intervals 
until no change was observed. Time required to reach equilib­
rium varied with soil and treatment but was always less than 
2 hours. Accuracy of the relative humidity sensors was veri­
fied by exposure of the sensors to several known relative 
humidities. Results in Table 2 indicate sensors were accurate 
from 52.0 to 99*8# relative humidity. Water activity was 
obtained by dividing percentage relative numidity by 100. Ail 
measurements were made at 20°G. 
Calculations 
Calculations were made using a Monroe 1880 Programmable 
Desk Computer and the Iowa State University Computation Center 
IBM System 36O/65 and 370/158 computers. 
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Table 2. Accuracy of relative humidity 
ing water activity in soil 
sensors for determin-
Sample Theoretical®" Observed^  
1 0.998 0.997 
2 0.984 9.983 
3 0.968 0.986 
4 0.937 0.936 
5 0.766 0.765 
6 0.520 0.520 
7 0.323 0.285 
C^alculated from data reported by Spencer (1926); Frazer, 
Taylor, Grollman (1928). 
M^ean of five replicate analyses. 
Analyses of variance were obtained using the Omnitab Pro­
gramming system as described by Chamberlain and Jowett (1968) 
and the IBM system 360/65 computer. Additional statistical 
analyses were obtained using SAS as described by Jolayne Ser­
vice (1972). 
Random sampling coordinates used, in the microscopic count­
ing procedure were generated using subroutine Randu of IBM's 
Scientific Subroutine Package. 
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RESULTS 
The effects of high concentrations of ammonium nitrate, 
diammonium phosphate, monocalcium phosphate, and potassium 
chloride on microbial biomass, numbers, and activities in 
several Iowa soils are summarized in the following tables. 
These effects of each salt on a given microbial parameter are 
presented separately. Results from two independent studies 
are reported within each of the subject areas. The first study 
dealt with effects of various concentrations (from 0 to 6800 
ppm on the elemental basis) of the four fertilizer salts on 
microbial biomass, numbers, and activities in a Clarion clay 
loam. The second study dealt with effects of high concentra­
tions (0 to 100,000 ppm on the elemental basis) of the same 
fertilizer salts on microbial biomass, numbers, and activities 
in five Iowa soils. The Clarion clay loam used in the first 
study repianRn by a Clarion silty clay loss; in the second 
study. The remaining four soils in the second study were an 
Okoboji clay loam, Webster silty clay loam, Nicollet loam, and 
Wadena loamy sand. 
Duncan's New Multiple Range test was applied at the 5# 
level of protection to data within each measured microbial 
characteristic. Average values in each table followed by the 
same alphabetic letter are not statistically different at a % 
level of probability. A standard deviation of an overall mean 
is reported for each microbial characteristic within each table. 
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Soil Microbial Biomass 
Ammonium nitrate 
Effects of various concentrations of ammonium nitrate on 
microbial biomass in a Clarion clay loam are illustrated in 
Table 3« Microbial biomass values were obtained by mathe­
matical conversion of direct microscopic count numbers of soil 
microorganisms to tissue mass and were expressed as carbon 
(C) per gram oven dry soil. Effects of various treatment con­
centrations on microbial biomass varied with time of incuba­
tion. No statistically significant changes in microbial bio­
mass were observed between treated and untreated soil through­
out 81 days of incubation. 
Effects of high concentrations of ammonium nitrate on 
microbial biomass in five Iowa soils are illustrated in Table 
4. Microbial biomass C was determined by mathematical conver­
sion cf dircct siicroscopic covntH ana by ATP analyses. 
consistent, statistically significant changes in microbial 
biomass (by microscopic counts) resulted due to treatment of 
the Okoboji clay loam. A statistically significant reduction 
in microbial biomass occurred in 5000 ppm N treated soil fol­
lowing 27 days of incubation. A statistically significant in­
crease in microbial biomass was indicated by microscopic count 
analysis in 100,000 ppm N treated Webster silty clay loam fol­
lowing 81 days of incubation. ATP analyses revealed no statis­
tically significant changes in microbial biomass in the Webster 
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Table 3. Effects of ammonium nitrate on microbial biomass 
in a Clarion clay loam 
Days of 
incubation 
Treatment 
ppm N added 
Microbial biomass 
\|ig C/g oven dry soil) 
microscopic counts 
3 0 4.9 D 
68 6.5 CD 
680 5.4 CD 
6800 3-7 D 
68000 3.7 D 
9 0 14.1 BCD 
68 9.3 CD 
680 27.? AB 
6800 8.4 CD 
68000 15.6 ABCD 
27 0 10.3 BCD 
68 6.3 CD 
680 6.5 CD 
6800 7.8 CD 
68000 11.4 BCD 
81 0 20.3 ABCD 
68 33.0 A 
680 23.1 ABC 
6800 14.7 BCD 
68000 13.8 BCD 
SD 5.2 
'Averages of five replicate analyses. 
sicl throughout 81 days of incubation. Neither microscopic 
analysis nor AT? analysis revealed significant changes in 
microbial biomass C in treated versus untreated Nicollet loam, 
Wadena loaay sand or Glariori silty clay loam throughout 81 
days of incubation. 
Table 4. Effects of ammo:aluiQ ni":rate on microbial biomass in five Iowa soils 
Days of 
incuba-
Treatment 
ppm N 
Microbial biomass (ug C/g oven dry scil)^  
Okobo.ii cl Webster sicl Nicollet 1 
tion added Counts ATP Counts ATP Counts ATP 
0 0 117 A 1366 ABC 274 AB 917 A 46 A 1280 A 
5000 14-9 A 737 BC 123 B 668 A 2210 A 890 A 
100000 79 A 1369 A 183 B 927 A 842 A 1420 A 
27 0 29 A 1504 AB 280 AB 380 A 90 A 910 A 
5000 38 A '+81 C 160 B 657 A 88 A 713 A 
100000 337 Â 1C82 ABC 80 B 535 A 1820 A 425 A 
5^ 0 184 A 518 0 168 B 1060 A 92 A 757 A 
5000 29 A &27 C 69 B 257 A 35 A 614 A 
100000 206 A 159 C 100 B 270 A 57 A 336 A 
31 0 29 A 588 C 120 B 1179 A 45 A 538 A 
5000 382 A 375 C 572 AB 581 A 104 A 346 A 
100000 41 A 763 BC 5620 A 1183 A 84 A 1310 A 
SiD 157 282 157 386 830 320 
a Averages of duplicate analyses. 
Table 4. (Continued) 
Microbial biomass (ug G/g oven dry soil) 
Days of 
incuba-' 
tion 
Treatment 
ppm N 
added 
Wadena Is Clarion sicl 
Counts ATP Counts ATP 
0 0 
5000 
100000 
44 
501 
131 
A 
A 
A 
883 
1108 
645 
AB 
A 
ABC 
230 
629 
135 
A 
A 
A 
1551 AB 
797 BC 
1569 A 
27 0 
5000 
100000 
36 
1230 
101 
A 
A 
A 
544 
591 
231 
ABC 
ABC 
BC 
228 
726 
125 
A 
A 
A 
554 c 
428 C 
360 ABC 
5^  0 
5000 
100000 
41 
2870 
26 
A 
A 
A 
667 
51 
149 
ABC 
C 
BC 
151 
28 
74 
A 
A 
A 
356 ABC 
302 C 
675 c 
81 0 
5000 
100000 
11 
74 
A 
A 
A 
264 
136 
227 
BC 
C 
BC 
226 
403 
112 
A 
A 
A 
393 C 
1093 ABC 
674 C 
SD 3601 214 188 222 
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Dlammonium phosphate 
Effects of various concentrations of diammonium phosphate 
on microbial biomass in a Clarion clay loam are illustrated in 
Table 5. Microbial biomass C increased significantly in 24,000 
ppro N plus 26,000 ppm P treated soil following 9 days of incu­
bation. All other differences within incubation periods were 
nonsignificant. 
Effects of high concentrations of diammonium phosphate 
on microbial biomass in five Iowa soils are illustrated in 
Table 6. Microbial biomass C by ATP analysis decreased sig­
nificantly in 48,000 ppm N plus 52,000 ppm P treated Okoboji 
clay loam following 27 days of incubation. No statistically 
significant changes in microbial biomass C occurred in the 
Clarion clay loam according to microscopic counts. According 
to microscopic counts, microbial biomass C increased signifi­
cantly in 2,400 ppm N plus 2,600 ppm P treated Webster silty 
clay loam following 0 days of incubation. ATP analysis re­
vealed no significant changes in microbial biomass C due to 
treatment throughout 61 days of incubation. Since a statis­
tically significant increase in biomass C at 0 time is some­
what questionable, the validity of this increase is seriously 
questioned. Neither microscopic count analysis nor ATP 
analysis revealed any significant microbial biomass C changes 
due to treatment in the Nicollet loam. Microscopic counts in­
dicated that microbial biomass C increased significantly in 
Wadena loamy sand at 0 time. ATP analyses revealed no 
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Table 5. Effects of diammonium phosphate on microbial bio­
mass in Clarion clay loam 
Microbial biomass* 
Days of —— Treatment ({ig c/g oven dry soil) 
incubation ppm N added ppm P added microscopic counts 
0 0 85.6 D 
24 26 103.6 CD 
240 260 95.0 CD 
2400 2600 141.5 BCD 
24000 26000 231.6 BCD 
0 0 143.2 BCD 
24 26 123.4 CD 
240 260 93.9 CD 
2400 2600 131.7 BCD 
24000 26000 /' 0 ^ OOA. J Â 
0 0 552.7 AB 
24 26 440.7 ABCD 
240 260 515.5 ABC 
2400 2600 312.5 ABCD 
24000 26000 404,5 ABCD 
0 0 439.4 ABCD 
24 26 262.6 ABCD 
240 260 222.7 BCD 
2400 2600 259.3 ABCD 
24000 26000 381.5 ABCD 
SD 123.2 
A^verage of five replicate analyaes. 
significant changes in microbiai biomass C, Neither proce­
dure indicated significant changes in microbial biomass C 
with treatment in the Clarion silty clay loam. 
Table 6. Effects of diammonium phosphate on microbial biomass in five Iowa soils 
Days of 
incuba­
tion 
Treatment 
ppm N 
added 
ppm P 
added 
Microbial biomass (ug C/g oven dry soil) 
Okcboji cl Webster sicl Nicollet 1 
Counts ATP Counts ATP Counts ATP 
0 0 0 117 A 1066 ABC 274 B 917 A 46 B 1277 AB 
2400 2600 206 A 1491 AB 733 A 903 A 183 AB 1377 A 
48000 52000 211 A 683 ABC 106 B 1250 A 95 AB 557 BC 
27 0 0 29 A 1604 A 280 B 380 A 90 AB 910 ABC 
2400 2600 381 A 655 ABC 111 B 365 A 84 AB 345 C 
48000 52000 44 A 284 C 53 B 571 A 31 B 608 ABC 
54 0 0 184 A 518 BC 168 B 1060 A 92 AB 757 ABC 
2400 2600 81 A 715 ABC 136 B 396 A 42 B 290 C 
48000 52000 333 A 308 C 66 B 351 A 217 A 452 C 
81 0 0 29 A 588 ABC 120 B 1180 A 45 B 538 BC 
2400 2600 420 A 353 C 137 B 816 A 50 B 178 C 
48000 52000 22 A 373 C 151 B 270 A 79 AB 853 ABC 
SD 146 297 113 426 43 236 
^Averages of duplicate analyses, 
Table 6. (Continued) 
Treatment 
incuba- ppiû N ppm P 
tion added added 
0 0 0 
2400 2600 
48000 52000 
27 0 0 
2400 2600 
48000 52000 
54 0 0 
2400 2600 
48000 52000 
81 0 0 
2400 2600 
48000 52000 
SD 
Microbial biomass (ug C/g oven dry soil) 
Wadena Is Clarion sicl 
Counts ATP Counts ATP 
44 B 883 AB 230 A 1550 A 
133 A 1029 A 300 A 1610 A 
15 B 692 ABC 99 A 1110 A 
36 B 54^ f ABC 228 A 554 A 
17 B 626 ABC 215 A 1110 A 
21 B 470 ABC 240 A 673 A 
41 B 667 ABC 151 A 856 A 
58 B 393 ABC 182 A 551 A 
367 A 131 C 479 A 1240 A 
30 B 264 BC 226 A 393 A 
29 B 82 C 130 A 448 A 
72 B 415 ABC 117 A 699 A 
76 201 134 4o8 
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Monocalcium phosphate 
Effects of various concentrations of monocalcium phos­
phate on microbial biomass C in a Clarion clay loam are illus­
trated in Table ?. Microscopic count analysis revealed that 
microbial biomass C in the untreated soil increased signifi­
cantly following 81 days of incubation. This negates what 
appears to be statistically significant decreased microbial 
biomass C due to treatment in the Clarion clay loam following 
81 days of incubation. 
Effects of high concentrations of monocalcium phosphate 
on microbial biomass C in five Iowa soils are illustrated in 
Table 8. Neither microscopic count analysis nor ATP analysis 
revealed significant changes in microbial biomass C due to 
treatment during 81 days of incubation in any of the five soils. 
Potassium chloride 
Effects of vrio"? nonRRnxr-atinns ûf pûtasôium chlorids 
on microbial biomass C in a Clarion clay loam are illustrated 
in Table 9- Microbial biomass C decreased significantly in 
both 500 and $000 ppm K treated soil following 3 days of 
incubation. No additional statistically significant changes 
were observed with treatment throughout the 81 days of incu­
bation. 
Effects of high concentrations of potassium chloride on 
microbial biomass C in five Iowa soils are illustrated in Table 
10. ATP analysis revsalsd statistically significant changes 
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Table 7. Effects of monocalcium phosphate on microbial bio-
mass in a Clarion clay loam 
Microbial biomass 
Days of Treatment (|j .g C/g oven dry soil) 
incubation ppm P added microscopic counts 
3 0 24.3 BC 
50 22.0 BCD 
500 17.0 BCD 
5000 9.2 BCD 
50000 7.4 CD 
9 0 8.0 CD 
50 11.1 BCD 
500 8.8 BCD 
5000 2.3 D 
50000 3.9 CD 
27 0 9.2 BCD 
50 10.1 BCD 
500 7.4 CD 
50000 4.6 CD 
50000 4.1 CD 
81 0 160.1 A 
50 29.0 B 
500 11.3 BCD 
5000 12.7 BCD 
50000 6.6 CD 
SD 5.9 
"Average of five replicate analyses. 
in microbial biomass G in only two cases: (1) biomass C de­
creased significantly in Okoboji clay loam treated with 5000 
or 100,000 ppm K following 27 days of incubation; and (2) bio­
mass C increased significantly in 100,000 ppm K treated Clarion 
silty clay loaiii lollowiiig 81 days of incubation. Microscopic 
counts revealed no statistically significant changes in 
Table 8. Effects of monocalcium phosphate on microbial biomass in five Iowa soils 
Days of Treatment 
incuba- ppm P 
tion added 
Microbial biomass (uiz C/g oven dry soil)' 
Okobo.li cl 
Counts ATP 
Webster sicl Nicollet 1 
Counts ATP Counts ATP 
27 
54 
81 
0 117 A IC166 ABCD 274 A 917 A 46 A 1277 A 
5000 197 A 1344 ABC 286 A 1321 A 807 A 946 A 
100000 A S'48 ABCD 90 A 1269 A 178 A 1148 A 
0 29 A 1604 AB 280 A 380 A 90 A 910 A 
5000 34 A 966 ABCD 127 A 1177 A 58 A 568 A 
100000 61 A 1044 ABCD 42 A 1043 A 27 A 702 A 
0 184 A .518 CD 168 A 1061 A 92 A 757 A 
5000 128 A 178 D 62 A 335 A 350 A 
100000 3690 A 425 CD 41 A 321 A 607 A 586 A 
0 29 A 588 ABCD 120 A 1179 A 45 A 538 A 
5000 5140 A D 60 A 395 A 37 A 62 A 
100000 624 A 1517 A 220 A 801 A 5024 A 523 A 
SD 1816 312 78 510 1448 305 
Averages of duplicate analyses. 
(Continued) 
Days of Treatment 
incuba- ppm P 
tion added 
0 0 
5000 
100000 
27 0 
5000 
100000 
5ij. 0 
5000 
100000 
81 0 
5000 
100000 
SD 
Microbial biomaes (ug C/k oven dry soil) 
Wadena Is Clarion sicl 
Counts ATP Counts ATP 
44 AB 883 A 230 A 1551 A 
85 AB 863 AB 295 A 1812 A 
71 AB 812 ABC 407 A 654 A 
36 AB 544 ABC 228 A 554 A 
161 A 422 ABC 499 A 511 A 
7 B 625 ABC 149 A 925 A 
41 AB 667 ABC 151 A 856 A 
16 B 515 ABC 238 A 1154 A 
8 B 80 C 872 A 955 A 
30 B 264 ABC 226 A 393 A 
46 AB 342 ABC 137 A 1444 A 
13 B 238 C 1537 A 508 A 
38 179 460 507 
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Table 9. Effects of potassium chloride on microbial biomass 
in a Clarion clay loam 
Days of 
incubation 
Treatment 
ppm K added 
Microbial biomass 
(|ig C/g oven dry soil) 
microscopic counts 
3 0 28.1 AB 
50 20,3 BC 
500 7.0 C 
5000 8.3 C 
50000 14.4 BC 
9 0 17.8 BC 
50 19.9 BC 
500 13.3 BC 
4000 15.7 BC 
50000 18.4 BC 
27 0 16.7 BC 
50 25.1 ABC 
500 20.0 BC 
5000 14.6 BC 
50000 14.0 BC 
81 0 23.8 ABC 
50 11.0 BC 
400 11.0 BC 
5000 8.3 BC 
50000 40.5 A 
SD 5.7 
A^verage of five replicate analyses^  
Table 10. Effects of potassium chloride on microbial biomass in five Iowa soils 
Microbial biomass (ug C/g oven dry soil)^  
Days of Treatment Okobo.ii cl Webster sicl Nicollet 1 incuba- ppm K — 
tion added Counts ATP Counts ATP Counts ATP 
0 0 117 A 1066 ABC 274 A 917 A 46 A 1277 A 
5000 110 A 1554 AB 416 A 1179 A 141 A 1055 ABC 
100000 196 A 1110 ABC 177 A 1644 A 2332 A 1103 AB 
27 0 29 A 3.604 A 280 A 380 A 90 A 910 ABC 
5000 14 A 582 C 427 A 728 A 137 A 39 C 
100000 29 A 612 C 55 A 758 A 195 A 1056 ABC 
54 0 184 A 51s C 168 A 1061 A 92 A 757 ABC 
5000 579 A 583 C 129 A 399 A 67 A 621 ABC 
100000 36 A 455 C 54 A 581 A 87 A 572 ABC 
81 0 29 A 588 c 120 A 1179 A 45 A 538 ABC 
5000 1664 A 213 c 113 A 658 A 35 A 313 c 
100000 116 A :.ii8 ABC 432 A 959 A 69 A 552 ABC 
SD 482 254 182 436 670 220 
A^verages of duplicate analyses. 
Table 10. (Continued) 
Days of Treatment 
incuba- ppm K 
tion added 
0 0 
5000 
100000 
27 0 
5000 
100000 
54 0 
5000 
100000 
81 0 
5000 
100000 
SD 
Microbial biomass (ug C/g oven dry soil) 
Wadena Is Clarion sicl 
Counts ATP Counts ATP 
44 A 883 AB 230 AB 1551 AB 
70 A 1186 A 758 A 1106 ABCD 
90 A 971 AB 150 AB 1555 A 
36 A 544 AB 228 AB 554 CD 
194 A 337 B 204 AB 192 D 
22 A 606 AB 131 B 572 CD 
41 A 667 AB 151 AB 856 ABCD 
9 A 964 AB 273 AB 781 ABCD 
11 A 284 B 361 AB 964 ABCD 
30 A 264 B 226 AB 393 D 
22 A 410 AB 148 B 648 CD 
27 A 471 AB 40 B 1284 ABC 
632 225 176 251 
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microbial biomass C for any of the five soils. 
Soil Microbial Numbers 
Ammonium nitrate 
Effects of various concentrations of ammonium nitrate on 
numbers of microorganisms in a Clarion clay loam are illus­
trated in Table 11. Numbers of nematodes were reduced to 0 
per gram oven dry soil in 6800 and 68,000 ppm N treated soil 
throughout 81 days of incubation. This reduction was statis­
tically significant in soils incubated 81 days. The 68 and 
680 ppm N treated soils also contained significantly fewer 
nematodes than the untreated soil after 81 days of incubation. 
This reduction is not a treatment effect but results due to an 
unexplained statistically significant increase in nematode num­
bers in the untreated soil. Microscopic count numbers of 
microorganisms were not significantly affected by the various 
N treatments. 
Effects of high concentrations of ammonium nitrate on 
numbers of microorganisms in five Iowa soils are illustrated 
in Table 12. Microscopic count numbers of microorganisms were 
not significantly changed relative to numbers in untreated 
Okoboji clay loam by either 5000 or 100,000 ppm N treatments® 
Plate count numbers of bacteria, actinomycetes, and fungi in 
the Okoboji clay loam were also nonsignificantly affected by 
high N treatments. 
Microscopic count numbers of microorganisms in a Webster 
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Table 11. Effects of ammonium nitrate on microbial numbers 
in a Clarion clay loam 
Microbial numbers^  
SlStodea/g U lO^ /e o™'? dry soil) 
incubation added soil Microscopic count 
0 4.0 DE 38.3 FGH 
68 3.5 DE 64.3 EFGH 
680 1.5 E 55.5 FGH 
6800 0.0 E 35.7 FGH 
68000 0.0 E 22.5 H 
0 4.3 DE 86.4 CDEFGH 
68 3.3 E 79.5 GDEFGH 
680 5.5 DE 114.3 CDEFG 
6800 0.0 87.7 CDEFGH 
68000 0.0 E 118.7 CDEF 
0 8.0 ODE 59.4 EFGH 
68 14.0 CDE 44.6 FGH 
680 17.5 CD 44.8 FGH 
6800 0.0 E 95.8 CDEFGH 
68000 0.0 E 92.0 CDEFGH 
0 59.5 A 164.2 ABCD 
68 42.9 B 243.4 A 
680 21.0 C 229.3 AB 
6800 0.4 E 142.2 CDE 
60000 0:0 E 171.4 ABC 
SD 4.1 25.0 
A^verage of five replicate analyses. 
silty clay loam were statistically unaffected by K treatments. 
But plate-count numbers of bacteria were significantly re­
duced in 100,000 ppm N treated Webster silty clay loam follow­
ing 81 days of incubation. Plate-count numbers of fungi were 
significantly reduced in 100,000 ppm N treated soil after 54 
Table 12. Effects of ammonium nitrate on microbial numbers in five Iowa soils 
Days of 
incubation 
Treatment 
ppm N 
added 
lumbers of microorganisms (x 10^/e oven dry soil)* 
Microscopic 
counts 
Plate counts 
Bacteria Actinoinycetes Fungi Total 
Okoboji clay loam 
0 0 880 A 39.91 ABC 1.B4 AB 0.154 A 41.90 
5000 832 A 48.98 ABC 3.04 AB 0.274 A 52.29 
100000 826 A 28.37 ABC 2.73 AB 0.102 A 31.20 
27 0 759 A 42.75 ABC 18.03 AB 0.174 A 60.95 
5000 556 A 22.29 ABC 3.01 AB 0.120 A 25.42 
100000 560 A 5.53 C 0.65 AB 0.065 A 6-24 
54 0 460 A 16.82 BC 1.97 AB 0.226 A 19.02 
5000 409 A 27.45 ABC 3.87 AB 0.054 A 31.37 
100000 559 A 2.92 C 0.30 B 0.007 A 3.23 
81 0 522 A 63.89 AB 13 .,15 AB 0.320 A 77.36 
5000 651 A 16.99 BC 0,24 6 0,036 A 17.26 
100000 492 A 74.65 A 91.89 A 0.369 A 166.91 
SD 235 15.85 26.47 0.129 
00 
Vj\ 
Webster silty clay loam 
0 0 2013 AB 176.03 A 3.39 B 0.170 BCDEFGH 179.56 
5000 2049 A 115.13 ABCDEF 31.42 B 0.402 ABCDE 146.92 
100000 1155 ABC 148.77 ABCD 14.19 B 0.224 ABCDEFG 153.21 
27 0 1465 ABC 146.60 ABCDE 43.67 AB 0.367 ABCDEF 190.64 
5000 1187 ABC 92.24 ABCDEF 47.17 AB 0.363 ABCDEFG 139.76 
100000 869 C 78.02 ABCDEF 15.67 B 0.113 EFGH 93.80 
'^Averages of duplicate analyses. 
Table 12. (Continued) 
Treatment 
Days of ppm N Microscopic 
incubation added counts 
54 0 1799 ABC 
5000 1043 ABC 
100000 683 C 
81 0 1118 ABC 
5000 1107 ABC 
100000 932 C 
SD 300 
0 0 715 ABC 
5000 892 ABC 
100000 1223 AB 
27 0 859 ABC 
5000 830 ABC 
100000 360 C 
54 0 1367 A 
5000 613 BC 
100000 274 C 
81 0 974 ABC 
5000 582 BC 
100000 902 ABC 
SD 216 
0 0 600 A 
5000 592 AB 
Numbers of microorganisms (x 10^/g oven dry soil) 
Plate counts 
Bacteria Ac tinomycetes Fungi Total 
128.71 ABCDEF 
62.29 CDEF 
7.15 F 
164.77 ABC 
171.39 AB 
31.84 
177.44 A 
99.31 AB 
0.75 B 
26.49 B 
29.67 B 
0.92 B 
0.511 A 
0.450 ABCD 
0.015 H 
0.452 ABC 
0.466 AB 
0.004 H 
206.61 
162.05 
7.91 
191.74 
201.54 
32.72 
29.64 42.17 0.096 
Nicollet loam 
194.24 ABCD 59.76 BC 0.735 CDEFG 292.70 
206.98 A 21.79 BC 0.352 DEFGHI 229.14 
194.73 ABC 19.86 BC 0.941 BC 215.50 
60.21 EF 169.03 ABC 0.810 CD 230.02 
73.25 EF 177.63 AB 0.782 CDEF 251.63 
22.43 F 5.15 C 0.064 HI 27.62 
119.72 ABCDE 147.45 BC 1.575 A 168.78 
55.57 EF 331.10 A 1.449 AB 388.11 
6.56 F 0.51 C 0.014 I 7.08 
206.41 AB 128.92 BC 0.549 DEFGH 235.85 
90.90 EF 46.95 BC 0.794 CDE 138.65 
19.04 F 0.18 C 0.007 I 19.23 
26.37 49.68 0.158 
Vcidena loamy sand 
29.78 A 1.31 ABC 0.422 AB 31.51 
6.97 AB 0.54 ABC 0.429 A 7.94 
Table 12. (Continued) 
Treatment 
Days of ppm N 
incubation added 
Microscopic 
counts 
Nijnbers of microorganisms (::< 10 /g oven dry soil) 
Bacteria 
Plate counts 
Actinomycetes Fungi Total 
100000 499 ABC 5.04 AB 0.60 ABC 0.060 CD 5.70 
27 0 345 ABC 18.96 AB 1.65 AB 0.067 CD 20.69 
5000 362 ABC 1.26 B 0.36 ABC 0.135 CD 1.76 
100000 ABC 0.65 B 0.06 C 0.006 D 0.72 
54 0 481 ABC 3.19 AB 1.80 A 0.062 CD 5.05 
5000 230 ABC 0.46 B 0.25 BC 0.293 ABC 1.00 
100000 155 C 0.20 B 0.0009 C 0.003 D 0.20 
81 0 484 ABC 6.11 AB 0.98 ABC 0.058 CD 7.15 
5000 192 C 0.26 B 0.005 C 0.168 CD 0.43 
100000 426 ABC 7.16 AB 0.04 C 0.011 D 7.21 
SD 111 8.04 0.42 0.069 
CD 
Clarion silty clay loam 
0 0 1880 A 141.04 A IS.22 CD 0.445 C 160.66 
5000 1261 CDEF 73.69 BC 44.83 CD 0.646 BC 119.17 
100000 1007 DEFGH 60.76 BCDE 5.66 D 0.377 C 66.80 
27 0 1251 CDEFG 15.82 EF 97.10 ABC 0.202 C 113.12 
5000 1820 AB 43.00 BCDEF 42.40 BCD 1.219 ABC 86.62 
100000 962 DEFGHI 18.53 CDEF 1.11 D 0.074 C 19.71 
54 0 1497 ABC 36.48 BCDEF 167.80 A 0.631 BC 204.91 
5000 550 I 28.35 CDEF 108.74 AG 2.439 A 139.49 
100000 544 Ï 8.55 F 0.32 D 0.018 C 8.89 
81 0 1262 CDE 80.82 B 78.63 BCD 0.686 BC 160.14 
5000 1345 CD 72.65 BCD 61.83 BCD 1.918 AB 136.40 
100000 635 HI 5.89 F 0.07 D 0.004 C 5.96 
SD 128 13.84 22.80 0.405 
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and 81 days of incubation. Plate-count numbers of actinomy-
cetes were not significantly affected by N treatments through­
out 81 days of incubation. 
Microscopic coiint numbers of microorganisms in a Nicollet 
loam decreased significantly relative to the untreated soil 
when 5000 and 100,000 ppm N was added and the soil incubated 
for 5^  days. Plate-count numbers of bacteria were signifi­
cantly reduced in 100,000 ppm N treated soil following 5^  and 
81 days of incubation. Bacterial numbers were also signifi­
cantly reduced in $000 ppm treated soil after 81 days of in­
cubation. Plate-count numbers of actinomycetes were signifi­
cantly increased in 5000 ppm N treated Nicollet loam after 5^  
days of incubation. Other changes in actinomycete numbers 
were not statistically significant. Plate-count numbers of 
fungi decreased significantly in 100,000 ppm N treated soil 
following 27, 54, and 81 days of incubation. 
Microscopic count numbers of microorganisms in a Wadena 
loamy sand were statistically unaffected by N treatment during 
81 days of incubation. Plate-count numbers of bacteria were 
also unaffected. Plate-count numbers of actinomycetes were 
significantly reduced in 100,000 ppm N treated soil after 2? 
and 54 days incubation, and 5000 ppm N treated soil after 5^  
days incubation. Actinomycete numbers remained low in N 
treated soil after 81 days of incubation, but were not statis­
tically less than numbers in the untreated soil. An unex­
plained decline in actinomycete numbers in the untreated soil 
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after 81 days of incubation may have contributed to the non-
significance of this difference. Plate-count numbers of 
fungi were lower in N treated than untreated soil at each 
sampling and statistically lower at 0 time. No explanation 
can be provided to explain the immediate, significant de­
crease in numbers of fungi. 
Microscopic count numbers of microorganisms were signifi­
cantly reduced in 5000 ppm N treated Clarion silty clay loam 
following 0, 27, and 5^  days of incubation. Numbers of 
microorganisms were also significantly reduced in 100,000 
ppm N treated Clarion sicl following 0, 5^ , and 81 days of 
incubation. Plate-count numbers of bacteria were significant­
ly reduced in 100,000 ppm N treated soil following 0 and 81 
days of incubation. A similar reduction in bacterial numbers 
occurred in 5000 ppm N treated soil at 0 time. Plate-count 
numbers of actinomycetes were significantly reduced in 
100,000 ppm N treated soil following 27 and 5^  days incuba­
tion. In contrast, plate-count numbers of fungi were sig­
nificantly increased in 5000 ppm N treated soil following 
54 and 81 days of incubation. 
Piammonium phosphate 
Effects of various concentrations of diammonium phosphate 
on microbial numbers in a Clarion clay loam are illustrated 
in Table 13» Nematode numbers decreased significantly in 
24,000 ppm N plus 26,000 ppm P treated soil after 9» 27, and 
Table I3. Effects of dianmoiiium phosphate on microbial numbers in a Clarion 
clay loam 
Days of 
incubation 
Treatment 
ppm N 
added 
ppm P 
addîd 
Numbers of 
nematodes/g 
soil 
Microbial numbers 
(x 10^ /g oven dry soil) 
Microscopic counts 
27 
81 
0 0 13.0 MN 313 D 
24 26 8.0 MN 381 D 
240 250 16.0 MN 334 D 
2400 2630 21.5 KLM 431 D 
24000 26030 0.0 N 511 D 
0 0 44.0 BGDEFGHI 516 ABCD 
24 26 43.0 BGDEFGHIJ 394 D 
240 2 50 83.0 A 348 D 
2400 2600 41.5 CDEFGHIJK 504 D 
24000 26000 0.0 N 1727 AB 
0 0 49.5 BCDEîXJ 1416 ilBCD 
24 26 59.5 BC 1002 ABCD 
240 260 64.0 AB 1347 ABCD 
2400 2 6 CO 50.0 BCDEF 1242 JlBCD 
24000 26000 0.0 N 1006 iVB 
0 0 57.5 bcde 1978 A 
24 2:6 59.0 BCD 1061 ,lbcd 
240 260 48.5 BCDETOH 834 ABCD 
2400 2600 38.0 CDEKIHIJKL 951 ABCD 
24000 26000 0.0 N 1699 ABC 
SD 6.1 339 
a Average of five duplicate analyses. 
91 
81 days of incubation. No significant changes in microscopic 
count numbers of microorganisms occurred in any diammonium 
phosphate treated Clarion clay loam samples. 
Effects of high concentrations of diammonium phosphate 
on microbial numbers in five Iowa soils are illustrated in 
Table 14. Microscopic count numbers of microorganisms in the 
Okoboji clay loam were not significantly affected by diammonium 
phosphate treatments. Plate-count numbers, of bacteria were 
similarly unaffected except at the 48,000 ppm N plus 52,000 
ppm P concentration where a statistically significant reduc­
tion in bacterial numbers was noted after 81 days of soil in­
cubation. Plate-count numbers of actinomycetes were signifi­
cantly reduced in 48,000 ppm N plus 52.000 ppm P treated soil 
after 27, 5^ , and 81 days of incubation. In contrast, ac-
tinomycete numbers were significantly increased in 2400 ppm 
N plus 2600 ppm P treated soil after $4 days of incubation. 
Plate-count numbers of fungi were not significantly affected 
by treatment with diammonium phosphate at each of the four 
samplings. 
Microscopic count numbers of microorganisms in the Web­
ster ailty clay loam were not affected by treatment with 
diammonium phosphate. Plate-count numbers of bacteria were 
not affected except in 48,000 ppm N plus 52.000 ppm P treated 
soil following 61 days of incubation. Plate-count numbers of 
actinomycetes were not affected except in the high N plus F 
treated soil after 5^  days of incubation. Plate-count numbers 
Table 14. Effects oJ: diammonium phosphate on microbial numbers i.n five Iowa soils 
Treatment: 
Days of 
incuba- ppm K ppm P 
tion added added 
Numbers of microorganisms (x 10^/g oven dry soil)^ 
Microscopic; 
counts Bacteria 
Plate counts 
Actinomycetes Fungi Total 
Okoboji clay loam 
0 0 0 880 AB 39.91 ABCD 1.84 E 0.154 ABC 41.90 
2400 2600 754 AB 19.97 BCD 3.07 E 0.123 ABC 23.16 
48000 52000 1290 AB 28.58 BCD 2.35 E 0.235 ABC 31.17 
27 0 0 759 AB 42.75 ABCD 18.03 A 0.174 ABC 60.95 
2400 2600 972 AB 67.52 AB 10.57 ABCD 0.203 ABC 78.29 
48000 52000 597 A 11.63 D 2.99 E 0.066 BC 14.69 
54 0 0 460 B 16.82 CD 1.97 E 0.226 ABC 19.02 
2400 2600 537 B 40.24 ABCD 16.66 AB 0.385 AB 57.29 
48000 52000 343 B 0.94 D 0.65 E 0.006 C 1.60 
81 0 0 522 B 63.89 ABC 13.15 ABC 0.320 ABC 77.36 
2400 2600 711 AB 84.81 A 7.77 CDE 0.439 A 92.91 
48000 52000 449 B 0.16 D 0.0009 E 0.006 C 0.17 
SD 203 14.58 2.17 0.095 
Webster silty clay loam 
0 0 0 2010 A 176.03 AB 3.39 B 0.170 CD 179.56 
2400 2600 2520 A 127.64 ABCDEF 5.80 B 0.273 BCD 133.67 
48000 52000 2970 A 233.66 A 8.42 B 0.693 A 242.81 
27 0 0 1470 A 146.60 ABCDE 43.67 AB 0.367 ABCD 190.64 
2400 2600 1490 A 139.43 ABCDEF 58.80 B 0.401 ABCD 168.60 
48000 52000 1240 A 39.24 CDEF 8.59 B 0.178 BCD 48.00 
54 0 0 1800 A 126.71 ABCDEF 177.44 A 0,511 AB 206.61 
^Averages of duplicate analyses. 
Table 14. (Continued) 
81 
Treatment 
Days of 
incuba- ppm K ppm P 
tion added added 
2400 
48000 
0 
2400 
46000 
2600 
52000 
0 
2600 
52000 
Microscopic 
counts 
Numbers of microorganisms (x 10 /g oven dry soil) 
Plate counts 
1410 
907 
1120 A 
1480 A 
1710 A 
Bacteria Actinanycetes 
89.74 BCDEF 34.07 AB 
4.03 F 4.04 B 
164.76 ABC 28.49 B 
162.26 ABCD 27.60 B 
13.30 F 0.18 B 
Fungi 
0.164 CD 
0.081 D 
0.452 ABC 
0.353 BCD 
0.077 D 
Total 
123.97 
8.15 
191.74 
190.25 
13.56 
SD 683 38.25 42.12 0.096 
Nicollet loam 
0 0 0 715 A 192.24 ABCD 59.76 BCDEF 0.735 BCD 252.70 
2400 2600 1220 A 218.52 A 34.0^ CDEF 0.604 BCD 253.14 
48000 52000 1880 A 207.11 AB 45.67 BCDEF 0.762 BCD 253.53 
27 0 0 859 A 60.21 EFGH 169.03 A 0.810 BCD 230.02 
2400 2600 792 A 105.84 DEFG 99.60 ABCDEF 0.783 BCD 206.18 
48000 52000 704 A 18.53 GH 4.82 F 0.102 D 23.45 
54 0 0 1370 A 119.72 BCDEF 147.45 AB 1.575 AB 168.78 
2400 2600 827 A 77.35 EFGH 125.45 ABCDE 1.328 ABC 204.18 
48000 52000 707 A 7.92 H 0.67 F 0.023 D 8.61 
81 0 0 974 A 206.41 ABC 128.92 ABC 0.549 CD 235.85 
2400 2600 1080 A 125.66 ABCDE 126.37 ABCD 2.170 A 254.27 
48000 52000 901 A 10.55 H 0.095 F 0.009 D 10,65 
SD 362 27.64 31.57 0.290 
Wadena loamy sand 
0 0 0 600 AB 29.78 A 1.31 AB 0.422 A 31.51 
2400 2600 532 AB 25.08 A 0.54 AB 0.375 AB 26.00 
48000 52000 1039 A 22.93 A 0.88 AB 0.264 ABCD 24.07 
Table 14. (Continued) 
Days of Treatment 
incuba- ppm K 
tion added 
p pm P 
added 
JIi-imbers of microorganisms Cx 10^/g oven dry soil) 
Microscopic 
counts Bacteria 
Plate counts 
Actinomycetes Fungi Total 
27 0 0 345 B 18.96 A 1.66 AB 0.067 CDE 20.69 
2400 2600 192 B 22.02 A 1.55 AB 0.117 CDE 23.69 
48000 52000 237 B 3.78 A 0.06 B 0.009 E 3.84 
54 0 0 481 AB 3.19 A 1.80 AB 0.062 CDE 5.05 
2400 2600 522 AB 4.75 A 2.16 A 0.207 ABCDE 7.12 
48000 52000 505 AB 0.11 A 0.002 B 0.013 E 0.13 
81 0 0 484 AB 6.11 A 0.98 AB 0.058 CDE 7.15 
2400 2600 263 B 6.13 A 0.62 AB 0.271 ABC 7.02 
48000 52000 285 B 0.06 A 0.005 B 0.009 E 0.07 
SD 185 10.77 0.55 0.065 
Clarion silty clay loam 
0 0 0 1880 A 141.04 A 19.22 BC 0.445 BCDE 160.66 
2400 2600 1900 A 128.22 AB 28.69 BC 0.238 CDE 157.33 
48000 52000 2880 A 87.37 ABCD 16.18 BC 0.257 CDE 103.81 
27 0 0 1250 A 15.82 DEF 97.10 AB 0.202 DE 113.12 
2400 2600 1790 A 45.93 CDEF 5(1.(10 BC 0.405 BCDE 105.34 
40000 52000 1310 A 12.07 EF 18.63 BC 0.372 BCDE 31.07 
54 0 0 1500 A 36.48 DEF 167.80 A 0.631 ABC 204.91 
2400 2600 1190 A 72.66 ABCDEF 66.42 BC 0.966 A 140.05 
48000 52000 1080 A 1.43 F 1.14 C 0.104 E 2.67 
81 0 0 1260 A 80.82 ABCDE 78.63 BC 0.686 AB 160.14 
2400 2600 1420 A 113.04 ABC 50.76 BC 0.562 ABCD 164.32 
23000 52000 1560 A 5.26 F 0.47 C 0.035 E 5.77 
SD 580 21.48 23.99 0.121 
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of fungi responded differently. After an initial significant 
stimulation in numbers of fungi in high N plus P treated soil, 
fungal counts decreased and were not statistically different 
from counts in the untreated soil at the 27-day sampling. 
Fungal counts were significantly reduced in high N plus P 
treated soil after and 81 days of incubation. This initial 
increase in fungal counts followed by progressive decreases 
is difficult to explain. 
Microscopic count numbers of microorganisms in a Nicollet 
loam were unaffected by treatments with diammonium phosphate. 
Plate-count numbers of bacteria were significantly reduced in 
8^,000 ppm N plus 52,000 ppm P treated soil following 5^  and 
81 days of incubation. Numbers of actinomycetes were also 
significantly reduced at this concentration after 27, 5^ , and 
81 days of incubation. Numbers of fungi were significantly 
reduced by this N plus P concentration in soil incubated for 
5^  days. 
Microscopic count numbers of microorganisms in a Wadena 
loamy sand were not affected statistically by diammonium 
phosphate treatments. Plate-count numbers of bacteria, 
actinomycetes, and fungi were likewise not affected statis­
tically by diammonium phosphate treatments. 
Microscopic count numbers of microorganisms in a Clarion 
silty clay loam were not affected statistically by treatments 
with diammonium phosphate. Plate-eount iiumuers of bacteria 
were significantly reduced in only one cases 48,000 ppm N 
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plus 52,000 ppm P treated Clarion silty clay loam after 5^  
days of incubation. Fungal counts were also reduced at this 
treatment level following $4 and 81 days of incubation. 
Monocalcium phosphate 
Effects of various concentrations of monocalcium phos­
phate on microbial numbers in a Clarion clay loam are illus­
trated in Table 15. Numbers of nematodes were significantly 
reduced by all treatment levels of monocalcium phosphate after 
3 days of incubation. As incubation of soil continued, nema­
tode numbers recovered somewhat in all but the 50,000 ppm P 
treated soil. After 9 days of incubation nematode numbers 
were significantly reduced in 500, 5000, and 50,000 ppm P 
treated soil. After 5^  days of incubation, nematode numbers 
were still significantly reduced in both 5000 and 50,000 ppm P 
treated soil. This reduction was still apparent after 81 
uf incubation but only in 5-.-"-'0 ppm ? tref'tHn 
Microscopic count numbers of microorganisms in the Clarion 
clay loam were significantly reduced by all P treatments after 
81 days of incubation. Close examination of the data reveals 
that an unexplained, statistically significant increase in 
microbial numbers in the untreated soil was actually respon­
sible for the apparent significant effects due to treatments. 
Effects of high concentrations of monocalcium phosphate 
on microbial numbers in five Iowa soils are illustrated in 
Table I6, Microscopic count numbers of microorganisms in a 
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Table 15. Effects of monocalcium phosphate on microbial 
numbers in a Clarion clay loam 
Microbial numbers^  
Days Of 
incubation added soil Microscopic counts 
0 85.5 A 180 BC 
50 45.0 CDEFGH 124 BCD 
500 53.5 BCDEF 135 BCD 
5000 19.0 JKLM 75 CD 
50000 0.0 M 50 CD 
0 35.5 EFGHIJ 61 CD 
50 23.5 JIL 84 BCD 
500 16.5 Km 78 BCD 
5000 2.5 M 24 D 
50000 1.0 M 22 D 
0 63.0 BC 74 CD 
50 67.0 AB 80 BCD 
500 52.0 BCDEFG 69 CD 
5000 26.5 EFGHIJK 47 CD 
50000 1.2 M 21 D 
0 56.5 BCDE 1322 A 
50 38.5 DEFGHI 221 B 
500 58.5 BCD 87 BCD 
5000 56.5 BCDE 147 BCD 
50000 0=0 M 51 CD 
SD 6.1 42 42 
•^ Average of five replicate analyses. 
Okoboji clay loam were statistically unaffected by both ? 
treatments» Plate-count numbers of bacteria were significantly 
reduced in 100,000 ppm P treated soil after 81 days of incuba­
tion. Plate-count numbers of actinomycetes were significantly 
reduced at the highest P concentration after 27 and 81 days of 
Table 16. Effects ol: mono calcium phospliate on microbial numbers in five Iowa soils 
Days of Treatment 
NvJibers of microorganisms (x IQ^/g oven dry soil)^ 
icubs.-
Lon 
ppm P 
added 
Microscopic 
counts Bacteria 
fxc lut? wuul i . l .& 
Actinomycetes Fungi Total 
Okoboji clay loam 
0 0 880 A 39.91 BC 1.84 DEF 0.154 B 41.89 
5000 795 A 36.77 BC 3.41 DEF 0.650 AB 40.83 
100000 400 A 2.15 C 0.72 DEF 0.179 6 3.04 
27 0 759 A 42.75 CD 18.03 ABC 0.174 B 60.95 
5000 323 A 14.92 C 20.32 A 0.447 AB 35.69 
100000 347 A 1.05 C 0.70 DEF 0.105 B 1.85 
54 0 460 A 16.82 BC 1.97 DEF 0.226 B 19.02 
5000 494 A 23.39 BC 19.74 AB 4.063 A 47.19 
100000 356 A 0.19 C 0.014 F 0.009 B 0.21 
81 0 522 A 63.89 AB 13.15 ABCDE 0.320 B 77.36 
5000 602 A 99.44 A 13.66 ABCD 0.930 AB 114.03 
100000 249 A 0.25 C 0.002 F 0.002 B 0.24 
SD 217 13.76 3.77 1.077 
Webster silty clay loam 
0 0 2013 A 176.03 AB 3.39 B 0.170 B 179.56 
5000 1543 AliC 134.11 ABCDE 10.60 B 0.205 B 144.90 
100000 711 C 61.86 DEFGH 2.33 B 0.232 B 64.42 
27 0 1465 AIIC 146-60 ABCD 43.67 AB 0.367 B 190.64 
5000 986 ARC 127.74 ABCDEFG 47.65 AB 1.324 AB 176.67 
100000 883 BC 0.77 H 1.94 B 0.233 B 2.94 
54 0 1800 AH 128.71 ABCDEF 177.44 A 0.511 B 306.61 
^Averages of duplicate analyses. 
Table 16. (Continued) 
Days of Treatment 
incuba- ppm P Microscopic 
tion added counts 
5000 944 AEC 
100000 893 BC 
81 0 1118 AE.C 
5000 831 BC 
100000 206 C 
SD 311 
0 0 715 Ali 
5000 977 AIJ 
100000 1060 AI$ 
27 0 859 A]J 
5000 716 AJJ 
100000 322 B 
54 0 1367 A 
5000 1032 A]3 
100000 589 A]î 
31 0 974 A3 
5000 701 AB 
100000 376 B 
SD 238 
0 0 
5000 
100000 
600 AB 
399 ABCDE 
673 A 
numbers of microorganisms Cx 10^/g oven dry soil) 
Plate counts 
Bacteria Actinoinycetes Fungi Total 
90.32 BCDEFGH 74.98 AB 2.215 A 167.52 
0.08 H 0.009 B 0.146 B 0.24 
164.77 ABC 26.49 B 0.452 B 189.74 
205 36 A 28.21 B 1.146 AB 234.76 
12.14 H 1.12 B 0.409 B 13.66 
27.58 42.14 0.456 
Nicollet loam 
192.24 ABC 59.76 BCDE 0.734 AB 252.69 
218.90 A 24.37 E 0.415 AB 243.69 
24.54 EFG 4.76 E 0.659 AB 29.95 
60.21 DEFG 169.03 A 0.809 AB 230.02 
116.71 ABCDEF 63.62 BCDE 1.356 AB 181.88 
6.17 G 0.73 E 0.146 B 7.04 
119.72 ABCDE 147.45 AB 1.575 AB 268.78 
83.99 DEFG 122.70 ABCD 1.926 A 208.62 
0.289 G 0.011 E 0.090 B 0.39 
206.41 AB 128.92 ABC 0.548 AB 335.85 
130.85 ABCD 56.21 BCDE 1.242 AB 188.25 
6.51 G 0.72 E 0.145 B 7.36 
29.87 27.14 0.509 
Wadena loccmy sand 
29.78 A 1.31 AB 0.422 ABCD 31.51 
1.06 B 0.53 B 0.134 E 1.72 
0.63 B 0.53 B 0.127 E 1.39 
Table 16. (Continued) 
Days of Treatment 
incuba- ppm P 
tion added counts 
27 
54 
81 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
345 ABCDE 
288 ABCDE 
91 CDE 
481 AEGD 
175 CDE 
52 E 
484 M,C 
155 CDE 
3 E 
SD 114 
27 
54 
81 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
1861 All 
1191 AIICD 
1842 AIIC 
1251 AI$CD 
924 BCD 
1046 BCD 
1496 AI5CD 
2296 A 
565 D 
1262 A1ÎCD 
1318 AJiCD 
345 D 
SD 342 
numbers of microorganisms (x 10^/g oven dry soil) 
Plate counts 
Bacteria Actinomycetes Fungi Total 
18.96 AB 1.66 AB 0.067 E 20.68 
2.93 B 0.80 B 0.464 ABC 4.19 
0.062 B 0.06 B 0.031 E 0.16 
3.19 AB 1.80 AB 0.062 E 5.05 
5.06 AB 9.45 A 0.543 AB 15.05 
0.10 B 0.008 B 0.051 E 0.16 
6.10 AB 0.98 AB 0.058 E 7.14 
3.17 AB 3.33 AB 0.633 A 7.13 
1.72 B 0.06 B 0.030 E 1.81 
7.74 2.49 0.076 
Clarion silty clay loam 
141.00 A 19.22 BC 0.445 CD 160.66 
98.77 AB 15.65 BC 0.447 CD 114.87 
14.02 CD 5.85 C 0.233 D 20.99 
15.82 CD 97.10 ABC 0.202 D 113.12 
55.47 BCD 60.68 BC 1.519 AB 117.67 
2.73 D 1.95 C 0.465 CD 5.15 
36.48 BCD 167.80 A 0.631 CD 204.91 
39.04 BCD 73.02 ABC 1.823 A 113.88 
0.085 D 0.12 C 0.110 D 0.32 
80.82 ABC 78.63 ABC 0.686 CD 160.14 
53.70 BCD 111.94 AB 0.900 C 166.54 
3.46 D 0.76 C 0.382 CD 4.60 
20.64 30.37 0.170 
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incubation. Plate-count numbers of fungi were not affected 
statistically by monocalcium phosphate treatments. 
Microscopic count numbers of microorganisms were signifi­
cantly reduced in 100,000 ppm P treated Webster siIty clay loam 
at 0 time. Plate-count numbers of bacteria were reduced in 
100,000 ppm P treated soil following 0, 27, $4, and 81 days of 
incubation. Plate-count numbers of actinomycetes were signifi­
cantly reduced by this P treatment following 5^  days of incu­
bation. In contrast, plate-count numbers of fungi were not 
affected except at SOOO ppm P treatment where a statistically 
significant increase in fungal counts occurred following 5^  
days of incubation. 
Microscopic count numbers of microorganisms in a Nicollet 
loam statistically were not affected by monocalcium phosphate 
treatments. Plate-count numbers of bacteria were significant­
ly reduced in 100,000 ppm P treated soil after 0, 5^ , and 81 
days of incubation. Plate-count numbers of actinomycetes were 
significantly reduced in 5000 ppm P treated soil after- 27 
days of incubation and in 100,000 ppm P treated soil after 27, 
54, and 81 days of incubation. However, plate-count numbers of 
fungi statistically were not affected by monocalcium phosphate 
treatments. 
Microscopic count numbers of microorganisms were signifi­
cantly reduced in 100,000 ppm P treated Wadena loamy sand fol­
lowing 54 and 81 days of incubation. Plate-count numbers of 
bacteria decreased significantly in both 5000 and 100,000 ppm P 
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treated soil at 0 time. Plate-count numbers of actinomycetes 
were unaffected statistically by P treatment. Plate-count 
numbers of fungi were significantly reduced at the onset of 
the experiment by both P treatments. Subsequent samplings 
revealed an unexplained, significant decrease of fungi numbers 
in untreated and 100,000 ppm P treated soil. The decreased 
numbers of fungi in the untreated soil caused the numbers of 
fungi in the $000 ppm P treated soil to appear as if they had 
significantly increased. 
Microscopic count numbers of microorganisms statistically 
were not affected by both P treatments in a Clarion silty clay 
loam. Plate-count numbers of bacteria were significantly re­
duced in 100,000 ppm P treated soil after 0 and 81 days of 
incubation. Plate-count numbers of actinomycetes were signifi­
cantly reduced in the 100,000 ppm P treated soil after 5^  days 
of incubation. Plate-count numbers of fungi were significantly 
increased in 5000 ppm P treated soil after 27 days of 
incubation. 
Potassium chloride 
Effects of various concentrations of potassium chloride 
on raiciobicil numbers in a Clarion clay loam are illustrated in 
Table 1?. Nematode numbers were significantly reduced by ^000 
and 50.000 ppm K treatments following 3. 9. 27, and 81 days of 
incubation. Although nematode numbers recovered somewhat in 
5000 ppm K treated soil following 81 days of incubation, an 
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Table 1?. Effects of potassium chloride on microbial numbers 
in a Clarion clay loam 
Microbial numbers^  
Days of ' (X loV^  oven dry .oil) 
incubation added soil Microscopic counts 
0 78.5 BCD 285 A 
50 81.7 BC 194 CDEFG 
500 58.0 CDEFGHI 98 KLMN 
5000 5.5 N 85 UVIN 
50000 0.0 N 176 EFGHIJ 
0 64.0 CDEF 212 ABCDEF 
50 75.0 BODE 223 ABC DE 
500 61.5 CDEFG 155 EFGHIJKL 
5000 13.5 N 149 FGHIJKLM 
50000 0.0 N 90 KL?,1N 
0 56.6 CDEFGHIJ 188 DEFGHI 
50 60.0 CDEFGH 249 ABCD 
500 54.0 DEFGHIJK 266 ABC 
5000 15.0 N 193 CDEFGH 
50000 0.0 N 159 EFGHIJK 
0 148.5 A 276 AB 
50 99.5 B 124 GHIJKLMN 
500 45.0 DEFGHIJKL 115 JKiaN 
5000 44.0 FGHIJKUW 107 JKLMN 
50000 0.0 N 71 N 
SD 7.5 21 .4 
A^verage of five replicate analyses. 
unexplained, âtâtlâtlcâlly Significant incrsass in nematode 
numbers in the untreated soil caused nematode numbers in all 
K treated soil to appear statistically reduced. 
Microscopic count numbers of microorganisms responded in 
several ways to K treatments. Microbial numbers decreased 
significantly in K treated soil following 3 days of incubation. 
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After 27 days incubation microbial numbers statistically were 
not affected except in 500 ppm K treated soil where a signifi­
cant increase occurred. Microbial numbers were significantly 
reduced by each K treatment following 81 days of incubation. 
This variable behavior in K treated soil was quite unexpected 
since K is relatively inactive biologically as compared to N, 
P, or S. 
Effects of high concentrations of potassium chloride on 
microbial numbers in five Iowa soils are illustrated in Table 
18, Microscopic count numbers of microorganisms statistically 
were not affected by K treatments in all five soils. Plate-
count numbers of bacteria likewise were not affected, except 
in two cases I $000 and 100,000 ppm K treated Nicollet loam 
where numbers of bacteria decreased significantly after 81 days 
of incubation; and 5000 and 100,000 ppm K treated Clarion 
silty clay loam at 0 time where numbers had also decreased 
significantly. Plate-count numbers of actinomycetes were un­
affected statistically by each K treatment in ail five soils. 
Plate-count numbers of fungi similarly were not affected in the 
Okoboji clay loam and Webster silty clay loam. 
Numbers of fungi increased significantly in the untreated 
Nicollet loam following 5^  days of incubation. But numbers of 
fungi decreased significantly at the beginning of the experi­
ment in 5000 and 100,000 ppm K treated Wadena loamy sand. For 
some unknown reason numbers of fungi decreased significantly 
in the untreated and 100,000 ppm K treated Wadena loamy sand. 
Table 18. Effects of potassium chloride on microbial numbers in five Iowa soils 
Days to Treatment 
incuba- ppm K 
tion added 
Microscopic 
counts 
Nilibers of microorganisms (x 10^/g oven dry soil)^ 
Plate counts 
Bacteria Act inoniycetes Fungi Total 
Okoboji clay loam 
0 0 880 A 39.91 A 1.84 C 0.153 A 41.89 
5000 928 A 71.57 A 0.61 C 0.336 A 72.52 
100000 594 A 92.78 A 1.62 C 0.225 A 94.63 
27 0 759 A 42.75 A 18.03 AB 0.174 A 69.95 
5000 647 A 32.86 A 23.97 A 0.243 A 57.07 
100000 518 A 23.46 A 7.37 BC 0.352 A 31.18 
54 0 460 A 16.82 A 1.97 C 0.225 A 19.02 
5000 503 A 42.74 A 10.93 ABC 0.286 A 53.96 
100000 428 A 13.65 A 8.38 BC 0.129 A 22.16 
81 0 522 A 63.89 A 13.15 ABC 0.320 77.36 
5000 502 A 66.29 A 7.14 BC 0.326 A 73.76 
100000 678 A 25.32 A 2,42 C 0.275 A 28.02 
SD 194 24.51 4.29 0.139 
Webster silty clay loam 
0 0 2010 A 176.03 AB 3.39 B 0.170 C 179.59 
5000 1320 A 220.98 A 7.74 B 0.236 ABC 228.96 
100000 1620 A 127.00 AB 11.93 0.180 BC 139.11 
27 0 1470 A 146.60 AB 43.67 AB 0.367 ABC 190.64 
5000 1460 A 104.19 B 97.31 AB 0.315 ABC 201.82 
100000 1060 A 70.60 B 53.25 AB 0.171 C 123.02 
54 0 1800 A 128.71 AB 177.44 A 0.511 AB 306.66 
^Averages of duplicate analyses. 
Table 18. (Continued) 
Days of 
incuba­
tion 
Treatment 
ppm K 
added 
Microscopic 
counts 
Numt>ers of microorganisms (x 10 /g oven dry soil) 
Plate counts 
Bacteria Actinomycetes Fungi Total 
81 
5000 1850 A. 100.72 B 115.38 AB 0.380 ABC 216.48 
100000 922 A. 92.44 B 21.20 AB 0.245 ABC 113.89 
0 1120 A. 164.77 AB 26.49 AB 0.452 ABC 189.71 
5000 1200 A. 131.51 AB 25 .,04 AB 0.334 ABC 156.87 
100000 1390 A. 59.09 B 12.75 A 0.563 A 72.40 
SD 414 32.11 47.21 0.097 
Nicollet loam 
0 0 715 /iB 192.24 ABC 59.76 AB 0.735 B 252.74 
5000 1095 186.35 ABCD 78.10 AB 0.668 B 265.12 
100000 780 /iB 204.45 AB 42.76 B 0.780 B 247.99 
27 0 859 iiB 60.21 E 169.03 AB 0.810 B 230.05 
5000 696 ivB 63.57 E 238.23 AB 0.839 B 302.64 
100000 516 B 28.43 E 105.02 AB 0.407 B 133.86 
54 0 1367 A 119.72 BCDE 147.45 AB 1.575 A 268.76 
5000 666 72.89 E 252.88 A 0.547 B 326.32 
100000 910 AB 88.25 E 68.44 AB 0.680 B 157.37 
81 0 974 iVB 206.41 A 128.92 AB 0.549 B 335.88 
5000 485 B 106.58 CDE 174.68 AB 0.632 B 281.89 
100000 633 ,iB 47.31 E 10.96 B 0.369 B 58.64 
SD 216 25.01 59.25 0.199 
0 
5000 
100000 
600 A 
381 AB 
377 AB 
Wadena loamy sand 
29.78 A 1.31 A 
23.69 A 0.81 B 
11.96 A 0,57 B 
0.421 A 
0.243 BC 
0.170 BCDEF 
31.51 
24.74 
12.70 
Table 18. (Continued) 
Days of Treatment 
incuba- ppm K Microscopic 
tion added counts 
27 0 345 AB 
5000 220 B 
100000 100 B 
54 0 481 AB 
5000 149 B 
100000 325 AB 
81 0 AB 
5000 289 AB 
100000 401 AB 
SD 97 
0 0 1381 AB 
5000 2420 A 
100000 1420 BC 
27 0 1251 BC 
5000 1526 BC 
100000 1312 BC 
54 0 1497 BC 
5000 979 C 
100000 1137 C 
81 0 1262 BC 
5000 1178 BC 
100000 1190 BC 
SD 207 
Numbers of microorganisms (x 10^/g oven dry soil) 
Plate counts 
Bacteria Actinomycetes Fungi Total 
18.96 A 1.65 AB 0.067 F 20.68 
5.94 A 2.67 A 0.244 B 8.85 
0.53 A 1.48 AB 0.023 F 2.04 
3.19 A 1.80 AB 0.062 F 5.05 
2.28 A 11.87 AB 0.237 BCDE 4.39 
1.39 A 0.58 B 0.033 F 2.00 
6.10 A 0.98 AB 0.058 F 7.14 
4.55 A 0.89 B 0.240 BCD 5.68 
0.91 A 0.45 B 0.036 F 1.40 
9.64 0.50 0.014 ° 
Clarion silty clay loam 
141.04 A 19.22 B 0.445 B 160.71 
66.97 BCD 25.06 B 0.377 B 92.41 
75.59 BC 13.26 B 0.764 AB 89.61 
15.82 F 97.10 AB 0.202 B 113.12 
37.92 BCDEF 108.34 AB 0.544 B 146.80 
14.97 F 108.79 AB 0.394 B 124.15 
36.48 CDEF 167.80 A 0.631 B 204.91 
28.81 EF 63.34 AB 1.704 A 88.85 
22.33 EF 66.34 AB 0.593 B 89.26 
80.82 B 78.63 AB 0.686 AB 160.14 
59.11 BCDE 36.69 B 0.631 B 96.43 
51.53 BCDEF 36.53 B 0.630 B 88.74 
12.55 31.21 0.303 
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This resulted in an apparent (but unreal) significant increase 
of fungal numbers in $000 ppm K treated soil after 27, 54, and 
81 days of incubation. However, numbers of fungi increased 
significantly in $000 ppm K treated Clarion silty clay loam 
after 5^  fays of incubation. 
Types of Soil Microorganisms 
A number of bacteria, actinomycetes, and fungi were 
isolated for further study and identification. Isolates were 
obtained from medium need in 81-day plate-count enumerations. 
Isolates were selected from the following samples: (1) un­
treated; (2) 100,000 ppm N as ammonium nitrate; (3) 100,000 
ppm N + P as diammonium phosphate; (4) 100,000 ppm as mono-
calcium phosphate; and (5) 100,000 ppm K as potassium chloride. 
The genera of microorganisms isolated from the various soils 
are summarized in Tables 60 and 61 of the Appendix. No obvi­
ous shift in genera of microorganism occurred due to high 
concentrations of fertilizer salts. 
Soil Microbial Respiration 
Ammonium nitrate 
Effects of various concentrations of ammonium nitrate on 
microbial respiration in a Clarion clay loam are reported in 
Table I9. Use of Duncan's New Multiple Range test on these 
data is probably invalid since the standard deviation of the 
overall mean is influenced to a greater extent by the large 
108b 
COg values obtained for 81 days of incubation, thus making 
it difficult to find significance in lower values at earlier 
samplings. Soil microbial respiration in the Clarion clay 
loam decreased significantly with N treatments. Respiration 
decreased with increased N applied to soil. Importantly, 
microbial respiration continued even in 68,000 ppm N 
treated Clarion clay loam throughout the entire 81 days of 
incubation. 
Effects of high concentrations of ammonium nitrate on 
microbial respiration in five Iowa soils are illustrated 
in Table 20. Soil respiration increased significantly in 
100,000 ppm N treated Okoboji clay loam over the 81 days of 
incubation. In contrast, soil respiration was significantly 
decreased in 100,000 ppm N treated Nicollet loam over the 
same period of incubation. Soil respiration was not signifi­
cantly affected in the other remaining soils. 
Diammonium phosphate 
Effects of various concentrations of diammonium phosphate 
on microbial respiration in a Clarion clay loam are illustrated 
in Table 21. Soil respiration increased significantly in 
2400 ppm N plus 2600 ppm P treated soil after 9, 27, and 61 
days of incubation. Soil respiration increased significantly 
in 24,000 ppm N plus 26,000 ppm P treated soil after 2? and 81 
days of incubation. But soil respiration decreased signifi­
cantly in 240 ppm N plus 260 ppm P treated soil after 81 days 
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Table 19. Effects of ammonium nitrate on microbial respiration 
in a Clarion clay loam 
Cumulative 
Treatment microbial respiration 
Days of ppm N (mg CO2-C evolved/ 
incubation added 109 g oven dry soil) 
27 
81 
0 2.9 K 
68 3.8 K 
680 4.2 K 
6800 11.8 K 
68000 2.7 K 
0 3.8 K 
68 12.0 K 
680 12.0 K 
6800 27.1 K 
68000 2.9 K 
0 234.5 FG 
68 223.6 FGHI 
680 232.8 FGH 
6800 270.0 F 
68000 218.5 FGHIJ 
0 763.8 A 
68 695.4 B 
680 429.9 CD 
6800 445.7 c 
60000 n . J* uuM. 
SD 18.6 
Average of five replicate analyses. 
Tsible 20. Effects of ammonium nitrate on microbial respiration in five Iowa soils 
Days of Treatment Microbial respiration (mg CO2-C produced/50 g oven dry soil) 
incuba- ppm N — 
tion added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
27 0 7.6 BC 7.4 ABC 13.1 CDEF 2.5 BC 12.0 CD 
5000 9.3 BC 12.4 ABC 12.0 CDEP 2.2 BC 11.7 CD 
100000 13.5 BC 10.4 ABC 10.5 CDEP 2.8 BC 4.9 CD 
54 0 15.9 BC 21.7 ABC 22.3 CD 5.0 BC 19.6 BCD 
5000 13.5 BC 14.4 ABC 17.8 CDE 5.5 BC 25.5 ABCD 
100000 17.1 BC 17.6 ABC 15.5 CDEP 5.3 BC 15.0 BCD 
81 0 17.4 BC 33.8 AB 43.6 /LB 15.0 AB 35.1 ABC 
5000 24. e B 40.0 A 50.7 k 5.5 B 45.1 A 
100000 kk. 9 A 26.8 ABC 23.4 C 25.3 A 37.6 AB 
SID 5.4 9.0 4.3 4.1 6.6 
^Average of duplicate analysies. 
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Table 21. Effects of diammonium phosphate on microbial 
respiration in a Clarion clay loam 
Treatment 
Days of 
incubation 
ppm N 
added 
ppm P 
added 
Cumulative 
microbial respiration 
(mg CO2-C evolved/ 
150 g oven dry soil) 
0 0 4.3 M 
24 26 4.5 M 
240 260 7.0 M 
2400 2600 8.7 M 
24000 26000 6.0 M 
0 0 10.6 m 
24 26 26.3 KLM 
240 260 25.2 Km 
2400 2600 44.4 HIJK 
24000 26000 36.3 KIJKL 
0 0 58.7 HIJ 
24 26 61.8 HI 
240 260 62.1 H 
2400 2600 94.5 FG 
24000 26000 103.3 F 
0 0 246.4 G 
24 26 239.6 CD 
240 260 192.6 E 
2400 2600 335.2 B 
24000 26000 428.8 A 
SD 8.0 
A^verage of five replicate analyses. 
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of incubation. 
Effects of high concentrations of diammonium phosphate 
on microbial respiration in five Iowa soils are illustrated in 
Table 22. Soil respiration significantly increased in 2400 
ppm N plus 2600 ppra P treated Okoboji clay loam following 81 
days of incubation, and in the Clarion silty clay loam after 
$4 and 81 days of incubation. All other soils were unaffected. 
Monocalcium phosphate 
Effects of various concentrations of monocalcium phos­
phate on microbial respiration in a Clarion clay loam are 
illustrated in Table 23. Microbial respiration increased sig­
nificantly in 50,000 ppm P treated soil during 9 and 27 days 
of incubation. Soil microbial respiration increased signifi­
cantly in 5000 ppm P treated soil after 27 days of incubation 
and in 50, 500» and 5000 ppm P treated soil over the 81-day 
uHriou ÙX incubation. 
Effects of high concentrations of monocalcium phosphate 
on microbial respiration in five Iowa soils are illustrated in 
Table 24. Soil microbial respiration increased significantly 
in 100,000 ppm P treated Okoboji clay loam during 27, 54, and 
81 days of incubation. Microbial respiration, however, after 
81 days of incubation, was significantly lower in 100,000 ppm 
P treated Nicollet loam, indicating decreased microbial respi­
ration during the 54 to 81 days incubation interval. All 
Table 22. Effects of diajiunonivun phosphate on microbial respiration in five Iowa 
soils 
Treatment Days of — ———
incuba- ppm K ppm P 
tion added added 
Microbial respiration 
(mg COg-C producecl/50 g oven dry soil) 
Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
27 0 0 7.6 CD 7.4 CD 13.1 EFGH 2.5 B 12.0 CDE 
2400 2600 6.9 CD 12.7 ABCD 22.5 DE 7.5 B 25.0 BCDE 
48000 52000 18.9 CD 8.0 BCD 9.5 GHI 5.5 B 8.0 DE 
0 0 15.9 CD 21.7 ABCD 22.3 DEF 5.0 B 19.6 CDE 
2400 2600 22.9 BCD 20.7 ABCD 32.6 BCD 17.5 AB 45.7 AB 
48000 52000 39.0 BC 16.3 ABCD 15.5 EFG 10.5 B 18.1 CDE 
31 0 0 17.4 CD 33.8 AB 43., 6 AB 15.0 AB 35.1 BC 
2400 2600 52.5 AB 33.6 ABC 49 .,2 A 34.5 A 66.7 A 
48000 52000 83.0 A 34.8 A 37 1 ABC 17.4 AB 26.0 BCD 
SD 9.6 7.6 3.7 6.4 7.3 
a Average of duplicate ajialjses, 
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Table 23. Effects of monocalcium phosphate on microbial 
respiration in a Clarion clay loam 
Cumulative 
Treatment microbial respiration 
Days of ppm P (mg COg-C evolve^  ^  
incubation added 150 g oven dry soil) 
0 26.1 P 
50 28.7 P 
500 28.8 P 
5000 37.8 P 
5000c 40.7 P 
0 126.3 KLMN 
50 133.5 JKLM 
500 125.9 KLMNO 
5000 147.9 HIJK 
50000 157.2 GHIJ 
0 138.7 HIJKL 
50 171.2 EFGH 
500 168.3 FGHI 
5000 206.9 BCD 
50000 188.9 CDEF 
0 180.4 EFG 
50 209.7 BC 
500 222.4 B 
5000 350.0 A 
50000 T06;4 ODE 
SD 7.3 
A^verage of five replicate analyses. 
other treatments failed to significantly affect the microbial 
respiration in the five soils. 
Potassium chloride 
Effects of various concentrations of potassium chloride on. 
soil microbial respiration in a Clarion clay loam are shovm in 
Table 24. Effectif of monocalcium phosphate on microbial respiration in five Iowa 
soils 
Cumulative microbial respiration 
Days of Treatment (mg COg-C produced/50 g oven dry soil) 
incuba- ppm P — — 
tion added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
27 0 7.6 E 7.4 BCD 13.1 DEFGHI 2.5 A 12.0 DE 
5000 14.9 CDE 14.8 ABCD 23.1 CD 5.9 A 19.6 BCDE 
100000 40.5 ABC 12.7 ABCD 16.4 DEFGH 7.1 A 12.4 DE 
54 0 15-9 CDE 21.7 ABCD 22.3 CDE 5.0 A 19.6 BCDE 
5000 26.0 BCDE 27.3 ABC 32.5 BC 6.2 A 32.6 ABC 
100000 53.2 AB 19.1 ABCD 19.4 DEFG 7.7 A 16.3 BCDE 
81 0 17.4 CDE 33.8 A 43.6 AB 15.0 A 35.1 AB 
5000 40.1 ABCD 32.9 AB 49.8 A 12.0 A 42.1 A 
100000 57.8 ABCD 32.9 AB 49.8 A 12.0 A 42.1 A 
SD 8. 0 7.5 3.7 8.2 5.8 
^Average of duplicate analyses. 
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Table 25. Soil microbial respiration decreased significantly 
in 500 and 50,000 ppm K treated soil during the 81 days of 
incubation» Soil respiration was noticeably decreased fol­
lowing 27 days of incubation, but not in a statistically sig­
nificant amount. 
Effects of high concentrations of potassium chloride on 
microbial respiration in five Iowa soils are recorded in 
Table 26. Soil microbial respiration decreased significantly 
in 100,000 ppm K treated Nicollet loam following $4 and 81 
days of incubation and 4000 ppm K treated Nicollet loam fol­
lowing 81 days of incubation. Soil microbial respiration also 
decreased significantly in 5000 and 100,000 ppm K treated 
Clarion silty clay loam during the 81 days of incubation. 
Ammonium Accumulation 
Ammonium accumulation was determined in soil throughout 
both experimental studies. Ammonium accumulation represents 
the net ammonium remaining after processes such as nitrifica­
tion, immobilization, denitrification, volatilization, or 
ammonium fixation have removed portions of the ammonium added 
to soil by fertilizer applications or ammonification. Since 
amraonification represents the process by which ammonium is 
released from organic N, ammonium accumulation merely reflects 
the portion of ammonification product that remained in the 
soil after the transformations listed in the preceding sentence 
have occurred. 
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Table 25. Effects of potassium chloride on microbial 
respiration in a Clarion clay loam 
Days of 
incubation 
Treatment 
ppm K 
added 
Cumulative 
microbial respiration 
(rag CO2-C evolved/ 
150 g oven dry soil) 
3 0 18.9 KL 
50 21.2 KL 
500 21.3 KL 
5000 21.9 KL 
50000 17.9 L 
9 0 28.1 KL 
50 26.9 KL 
500 29.0 KL 
5000 31.1 K 
50000 25.6 KL 
27 0 58.4 F 
50 55.0 FG 
500 46.7 FGHIJ 
5000 54.1 FGH 
50000 50.5 FGHI 
81 0 150.4 A 
50 141c4 AB 
500 126.0 D 
5000 141.2 ABC 
50000 106.8 E 
SD 3.7 
A^verage of rive replicate analyses. 
Table 26. Effects of potassium chloride on microbial respiration in five Iowa soils 
Cumulative microbial respiration 
Days of 
incuba­
tion 
Treatment 
27 
54 
81 
ppm K 
added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 7.6 A 7.4 A 13.1 E>E 2.5 A 12.0 BC 
5000 5.9 A 9.0 A 9.6 DEFG 1.2 A 12.0 EC 
100000 5.2 A 4.3 A 5.0 DEFGH 3.0 A 4.3 BC 
0 15.9 A 21.7 A 22.3 iC 5.0 A 19.6 AB 
5000 7.8 A 14.6 A 14.3 CD 3.3 A 13.3 BG 
100000 14.9 A 7.7 A 8.0 DEFGH 4.1 A 8.1 BC 
0 17.4 A 33.8 A 43.5 A 15.0 A 35.1 A 
5000 31.2 A 35.5 A 27.0 B 24.0 A 13.5 BC 
100000 23.5 A 10.7 A 11.3 DEF 6.2 A 9.9 BC 
SD 7.2 10.9 2. 6 7.1 5.6 
Average of duplicate analjties. 
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Negative values for ammonium accumulation indicate a net 
decrease in ammonium concentration. In addition to those 
processes listed in the preceding paragraph, analytical errors 
and nonuniform distribution of ammonium in soil may produce 
erratic or negative values for ammonium accumulation. 
Ammonium nitrate 
Effects of various concentrations of ammonium nitrate on 
ammonium accumulation in a Clarion clay loam are recorded in 
Table 27. Net loss of ammonium occurred frequently in ammonium 
nitrate treated soil. Examination of the data presented in 
Table 35 on nitrate accumulation in ammonium nitrate treated 
Clarion clay loam suggests that at 68 ppm N most of the ammoni­
um lost was converted to NO^ -N. But at 680 and higher ppm N 
concentrations nitrate accumulation also decreased. This in­
dicates a loss of both and NO^ "", perhaps through processes 
of i%%cbilizzticn, der.itrific?-tion; or innnmi>lKtê recovery in 
the analysis. 
Effects of high concentrations of ammonium nitrate on 
ammonium accumulation in five Iowa soils are recorded in Table 
28. Ammonium increased with time in all the untreated soils 
except the Wadena loamy sand. Ammonium accumulation also 
occurred in 5000 ppm N treated Clarion clay loam. But ammonium 
was lost with time in the four remaining soils. Results in 
100,000 ppm N treated soil are difficult to interpret. After 
3 days of incubation ammonium appeared to have been lost. 
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Table 2?, Effects of ammonium nitrate on ammonium accumula­
tion in a Clarion clay loam 
Days of 
incubation 
Treatment 
ppm N added 
Ammonium accumulation 
(ppm 
0 
68 
680 
6800 
68000 
-7.6 A 
-30.6 A 
-161.8 A 
-126.6 A 
-7675.0 B 
0 
68 
680 
6800 
68nnn 
0.0 A 
29.2 A 
-30.6 A 
42.4 A 
-9184.0 C 
27 0 
68 
680 
6800 
68000 
0.0 A 
28.0 A 
-66.6 A 
-106.6 A 
-11059.0 D 
81 0 
68 
680 
AAnn 
68ÔÔÔ 
SD 
17.0 A 
-11.8 A 
-27.6 A 
/ / a 
— I n n 
-10123.0 CD 
392.2 
Initial soil NH^ '-N=6.7 
C^alculated as the difference between initial soil plus 
fertilizer NHk"^ -N and average in five replicate samples 
of soil. 
Table 28. Effects of ammonium nitrate on ammonium accumulation in five Iowa soils 
Days of Treatment Ammonium accumulation (ppm -N) 
incuba- ppm N — — 
tion added Okoboji cl Webster aid Nicollet 1 Wadena Is Clarion sicl 
27 0 0.7  A 0.5 A 4.2 A 16.1 A 1.8 A 
5000 1356.0 A 1951.0 A 1763.0 A 589.0 A 996.0 A 
100000 -410.0  A -2210.0 A -5160.0 A -9120.0 A -7660.0 A 
54- 0 16.3 A 12.9 A 4.0 A 7.7 A 3.3 A 
5000 1035.0  A 763.0 A 95.0 A 2267.0 A -151.0 A 
100000 4870.0 A 17410.0 A 8610.0 A 6190.0 A 2790.0 A 
81 0 25.6 A 23.2 A 40.4 A 9.2 A 12.6 A 
5000 I870.0 A 1003.0 A 21.0 A -271.0 A 146.0 A 
100000 -28540.0 A -4650.0 A -5830.0 A -9730.0 A -12200.0 A 
SD 11614.3 7112.6 5798.4 6370.0 5227.7 
Initial soil -N = 4.5 5.4 8.6 4.9 3.1 
C^alculated as the difference between initial soil plus fertilizer NHjn -^N and 
average -N in duplicate samples of soil. 
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Ammonium loss continued through 5^  days of incubation. The 
loss of ammonia at 3 and 9 days of incubation was accompanied 
by a peculiar gas being evolved from the soils. Gas chromato­
graphic analyses failed to identify the compound or compounds 
being evolved. 
Diammonium phosphate 
Effects of various concentrations of diammonium phosphate 
on ammonium accumulation in a Clarion clay loam are reported in 
Table 29. A net loss of ammonium occurred in diammonium phos­
phate treated soil. Nitrate accumulation data in Table 3? 
suggests that part of the loss in 24, 240, and 2400 ppm NH^ -^N 
treated soil was due to nitrification. Loss of in 
24,000 ppm treated soil appears to be due to incomplete 
recovery since the quantity of recovered increased with 
time. Ammonia volatization was noted in these soils but 
accounted for only 2 5 to 75 PPm lost from 24,000 ppm 
treated soil. 
Effects of high concentrations of diammonium phosphate on 
ammonium accumulation in five Iowa soils are recorded in Table 
30. Again ammonium decreased in 2400 ppm N treated soil after 
54 and 81 days of incubaticn. Ammonium accumulated in 48;000 
ppm N treated soils after 27. 54, and 81 days of incubation 
except the Wadena loamy sand after 27 days of incubation and 
the Clarion siIty clay loam following 27, 54, and 81 days of 
incubation. Variation in -N accumulation could have re­
sulted from nonuniform distribution of added NH^ '-N in soil. 
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Table 29. Effects of diammonium phosphate on ammonium 
accumulation in a Clarion clay loam 
Days of Treatment Ammonium accumulation 
incubation ppm N added ppm P added (ppm Nî^  -N)^  
0 
24 
240 
2400 
24000 
0 
26 
260 
2600 
26000 
4.6 
-14.6 
-118.4 
-949.4 
•9399.0 
A 
A 
A 
C 
F 
0 
24 
240 
2400 
Pknnn 
0 
26 
260 
2600 
14.0 
0.2 
-90.8 
-230.8 
•3516.0 
A 
A 
A 
A 
R 
27 0 
24 
240 
2400 
24000 
0 
26 
260 
2600 
26000 
4.6 A 
-19.4 A 
-163=0 A 
-362.8 AB 
-3600.0 E 
81 0 
24 
240 
v/Lnn 
24000 
0 
26 
260 
2.6'JQ 
26000 
0.0 A 
-24.0 A 
-199.2 A 
-792..6 iC 
-3000.0 D 
SD 142.9 
Initial soil = 6.0 
C^alculated as the difference between initial soil plus 
fertilizer and the average in five replicate 
samples of soil. 
Table 30. Effects of diainmonium phosphate on ammonium accumulation in five Iowa 
soils 
Treatment Days of 
incuba ppm N ppm P 
tion added added 
Ammonium accumulation (ppm 
27 
j)4 
01 
Otoboji 1:1 Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 0.7 A 0.5 A 4.2 A 16.1 A 1.8 A 
2400 2600 245.0 .1 -72.0 A 70.0 A 536.0 A -241.0 A 
48000 52000 7250.0 A 6140.0 A 580.0 A -5410.0 A -3590.0 A 
0 0 16.3 A 12.9 A 4.0 A 7.7 A 3.3 A 
2400 2600 
-713.0 -938.0 A -592.0 A -473.0 A 280.0 A 
48000 52000 7505.0 11600.0 A 260.0 A 4340.0 A -1820.0 A 
0 0 24.6 A 23.2 A 40.4 A 9.2 A 12.6 A 
2400 2600 -148.0 -248.0 A -519.0 A -173.0 A -296.0 A 
48000 52000 8530.0 A 8I7O.O A 370.0 A 4730.0 A -3860.0 A 
SD 16304.5 13871.9 13064.8 13560.3 12381.4 
Initial soil NH4+ -N = 4.5 5.4 8.6 4.9 3.1 
C^alculated as the difference between initial soil plus fertilizer NH^ -^N and 
average in duplicate samples of soil. 
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Monocalcium phosphate 
Effects of various concentrations of monocalcium phosphate 
on ammonium accumulation in a Clarion clay loam are shown in 
Table 31. Ammonium accumulated in all soils (including the 
untreated soil) with time. 
Effects of high concentrations of monocalcium phosphate 
on ammonium accumulation in five Iowa soils are recorded in 
Table 32. Ammonium accumulated in 5000 ppm P treated soil 
throughout the experiment with exception of the Nicollet loam 
where a higher accumulation was observed after 5^  than after 
81 days of incubation. Ammonium accumulated in each of the 
100,000 ppm P treated soils with the largest accumulation 
occurring after 5^  days of incubation. 
Potassium chloride 
Effects of various concentrations of potassium chloride 
on ammnniurn acouiuulation in a Clarion clay Icam arc illustrated 
in Table 33. Ammonium accumulated in 5000 and 50,000 ppm K 
treated soil, with slightly higher accumulation in 5000 than 
in 50,000 ppm K treated soil. Similar effects occurred in the 
five Iowa soils as illustrated in Table 34. 
Nitrate Accumulation 
Nitrate accumulation was determined in soil throughout 
both experimental studies. Nitrate accumulation represents the 
net nitrate formed or remaining in soil in excess of nitrate 
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Table 31. Effects of monocalcium phosphate on ammonium 
accumulation in a Clarion clay loam 
Days of Treatment Ammonium accumulation 
incubation ppm P added (ppm 
3 0 0.0 B 
50 2.2 B 
500 0.0 B 
5000 24.2 AB 
50000 12.6 AB 
0 0.0 B 
50 16.8 AB 
500 0.0 B 
5000 19.2 AB 
50000 0.0 B 
2? 0 17.4 AB 
50 7.0 B 
500 31.6 AB 
5000 70.0 AB 
50000 66.2 AB 
81 0 10.4 AB 
50 20.4 AB 
500 31.8 AB 
i iw . iv a 
50000 104.0 AB 
SD 37.9 
Initial soil =7.0 
G^aleulatsu as the difference between initial soil plus 
fertilizer and the average in five replicate 
samples of soil. 
Table 32. Effects of monoca].ciuii phosphate on ammonium accumulation in 
soils 
five Iowa 
Days of 
incuba­
tion 
27 
81 
Treatment 
ppm P 
added 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
Ammonium accumulation (ppm NH^ -^N)^  
OkoiDoji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0.7 A 
21.6 A 
21.1 A 
16.3 A 
25.2 A 
29.2 A 
25.6 A 
4''+. 6 A 
11.0 A 
SD 12.8 
Initial soil = 4.5 
0.5 A 
15.8 A 
34.2 A 
12.9 A 
33.0 A 
55.6 A 
23.2 A 
87.9 A 
9.8 A 
26.6 
5.4 
4.2 A 
13.3 A 
22.7 A 
4.0 A 
81.2 A 
38.8 A 
40.4 A 
41.7 A 
25.4 A 
30.9 
8 . 6  
16.1 A 
7.7 A 
10.3 A 
7.7 A 
23.5 A 
27.6 A 
9.2 A 
32.1 A 
10.8 A 
14.0 
.^9 
1.8 A 
40.5 A 
55.6 A 
3.3 A 
56.8 A 
60.8 A 
12.6 A 
85.4 A 
46.3 A 
24.2 
3.1 
C^alculated as the difference between initial soil plus fertilizer and 
average in duplicate samples of soil. 
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Table 33. Effects of potassium chloride on ammonium accumula­
tion in a Clarion clay loam 
Days of Treatment Ammonium accumulation 
incubation ppra K added (ppm =N) 
3 0 3.0 A 
50 0.0 A 
500 0.0 A 
5000 13.2 A 
50000 8.2 A 
9 0 2.6 A 
50 0.0 A 
500 2.4 A 
5000 21.4 A 
50000 20,4 A 
27 0 4.2 A 
50 0.0 A 
500 10.4 A 
5000 41.0 A 
50000 37.0 A 
81 0 0.0 A 
50 0.0 A 
500 10.1 A 
5000 nZ.n A 
50000 51.2 A 
SD 18.9 
Initial soil =8.0 
^Calculated as the difference between the initial soil 
plus fertilizer and the average in five replicate 
samples of soil. 
Table 34. Effects of potassium chloride on ammonium accumulation in five Iowa soils 
Days of 
incuba­
tion 
Treatment Ammonium accumulation (ppm -N)' 
5^ 
81 
ppn K 
added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0.7 A 0.5 A 4.2 A 16.1 A 1.8 A 
5000 5.7 A 8.0 A 13.6 A 8.7 A 41.3 A 
100000 6.9 A 10.6 A 7.4 A 3.6 A 38.2 A 
C' 16.3 A 12.9 A 4.0 A . 7-7 A 3.3 A 
5000 199.1 A 43.0 A 58.9 A 40.4 A 94.9 A 
100000 9.4 A 11.1 A 40.8 A 27.0 A 50.8 A 
0 2:5.6 A 23.2 A 40.4 A 9.2 A 12.6 A 
5000 52.3 A 33.4 A 47.3 A 23.9 A 73.1 A 
100000 31.5 A 38.0 A 41.6 A 22.4 A 70.6 A 
SD 76.9 19.7 25.9 15.1 84.3 
soil IIH4+ -N = 4.5 5.4 8.6 4.9 3.1 
C^alculated as the differerice between initial soil plus fertilizer and 
average in duplicate samples of soil. 
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removed via immobilization or denitrification. 
Negative values for nitrate accumulation indicate a net 
decrease in nitrate concentration. This could occur because 
of immobilization, denitrification, or incomplete recovery of 
nitrate from soil. 
Ammonium nitrate 
Effects of various concentrations of ammonium nitrate on 
nitrate accumulation in a Clarion clay loam are recorded in 
Table 35» Nitrate accumulated in each N treated soil during 
the 81 days of incubation. A large loss of nitrate occurred 
in 68,000 ppm N treated soil during the 3 to 9 day inducation. 
An unidentified gas evolved from the 68,000 ppm N treated 
soil during the 3 to 9 and 9 to 27 day incubation periods may 
have been a product of chemodenitrification. Lack of access 
to a gas chromatograph-mass spectrometer prevented identifica-
m "P +V»û craa 
w a w a a  w  «  
Effects of high concentrations of ammonium nitrate on 
nitrate accumulation in five Iowa soils are recorded in Table 
36. More than 90 percent of nitrate added was lost in all 
five soils treated with 5000 and 100,000 ppm N, Substantial 
loss or nitrate was not consistent in the untreated soil. Poor 
aeration did not provide a complete explanation for the loss of 
nitrate. The unidentified gas evolved from the Clarion clay 
loam in the first study was not detected as being evolved from 
these soils. 
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Table 3$. Effects of ammonium nitrate on nitrate accumula­
tion in a Clarion clay loam 
Nitrate accumulation 
incXtton 
0 21.1 A 
68 25.1 A 
680 7.1 A 
6800 128.7 A 
68000 2512.0 A 
0 19.1 A 
68 83.3 A 
680 7.1 A 
6800 68.5 A 
68000 -25829.0 B 
27 0 23.5 A 
68 11.1 A 
680 -10.7 A 
6800 -202.5 A 
68000 -27739.0 B 
81 0 44.1 A 
68 61.3 A 
680 45.9 A 
OOUV it 
68000 -28079.0 B 
SD 1944.0 
Initial soil NO^ '-N = 34.0 
Calculated as the difference between the initial soil 
plus fertilizer NO^ "-N and the average NOo"-N in five repli­
cate samples of soil.  ^
Table 36. Effects of ammonium njitrate on nitrate accumulation in five Iowa soils 
Days of Treatment 
incuba­
tion 
ppm K 
added Olcobo ji cl Webster sicl Nicollet 1 
J 
Wadena Is Clarion sicl 
27 0 
5000 
100000 
115.6 
-1579.5 
-7361.0 
A 
A 
AB 
146.5 
-1572.4 
I7IO8.O 
AB 
AB 
A 
241.3 A 
-1953.9 A 
-10676.0 AB 
21.7 
-2025.7 
14138.0 
A 
A 
A 
235.5 A 
-1541.0 A 
-9590.0 A 
54 0 
5000 
100000 
-10.4 
-2332.4 
-43746.0 
A 
A 
BC 
-23.7 
-2427.8 
-41288.0 
AB 
AB 
AB 
-25.1 A 
-2336.3 A 
-44927.0 BC 
-30.3 
-2378.7 
-44795.0 
A 
A 
A 
-18.4 A 
-2407.5 A 
-47320.0 A 
81 0 
5000 
100000 
96.8 
-2511.0 
-49860.0 
A 
A 
C 
20.6 
-2532.5 
-49156.0 
AB 
AB 
B 
-35.8 A 
-2536.0 A 
-49077.0 C 
012.1 
-2532.5 
-49932.0 
A 
A 
A 
98.0 A 
-2520.0 A 
-49610.0 A 
SD 11534.5 17314.3 10300.4 17882.0 23056.4 
Initial soil NCu~ -N= 11.0 32.5 36.0 31.5 20.4 
C^alculated as the difference between initial soil plus fertilizer NO^ "-N and 
average NO^ '-N in duplicate samples of soil. 
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Piammonium phosphate 
Effects of various concentrations of diammonium phosphate 
on nitrate accumulation in a Clarion clay loam are shown in 
Table 3?. An increase in nitrate accumulation occurred with 
time in all soils except the 24,000 ppm N plus 26,000 ppm P 
treated soil where little change in nitrate concentration 
occurred throughout the 81-day incubation. 
Effects of high concentrations of diammonium phosphate 
on nitrate accumulation in five Iowa soils are shown in Table 
38= Nitrate accumulated in all five soils and at each N plus 
P treatment concentration. The highest accumulations occurred 
after 2? days of incubation. The lowest accumulations occurred 
following ^  days of incubation, with intermediate accumula­
tions following 81 days of incubation. The variation in 
nitrate accumulation is difficult to explain. Analytical 
error seems a probable explanation. 
Monocalcium phosphate 
Effects of various concentrations of monocalcium phosphate 
on nitrate accumulation in a Clarion clay loam are recorded 
in Table 39» Nitrate accumulated somewhat in all soils with 
time. The extent of nitrate accumulation was too erratic to 
indicate any relationship to the monocalcium phosphate added. 
Effects of high concentrations of monocalcium phosphate 
on nitrate accumulation in five Iowa soils are recorded in 
Table k-Q. Highest nitrate accumulations occurred in untreated 
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Table 3?. Effects of diammonium phosphate on nitrate accumu­
lation in a Clarion clay loam 
Treatment 
incubation ppm N added ppm P added 
Nitrate accumulation 
(ppm NO^ "-N)^  
0 
24 
240 
2400 
24000 
0 
26 
260 
2600 
26000 
1.9 DE 
7.3 DE 
-1.9 E 
37.9 D 
205.5 B 
0 
24 
240 
2400 
24000 
0 
26 
260 
2600 
26000 
2.9 DE 
14.1 DE 
42.1 CD 
109.3 c 
26A 9 A 
27 0 
24 
240 
2400 
24000 
0 
26 
260 
2600 
26000 
-1.9 E 
14.1 DE 
80.9 C 
125.1 C 
197.3 B 
81 0 
24 
240 
24 00 
24000 
0 
26 
260 
K r\r\ 
26000 
SD 
33.3 DE 
35.3 DE 
166.7 B 
vnÂ K m 
— --
203.3 B 
11=7 
Initial soil NO^ '-N =30.2 
C^alculated as the differsncs between the initial soil 
plus fertilizer N0~~-N and the average NO^ '-N in five repli­
cate samples of soil. 
Table 38. Effect» of diaiamoriixim phosphate on nitrate accumulation in five Iowa soils 
Days of —— Nitrate accumulation (ppm NO~~-N)^  
incuba- ppm N p;pm P —^  ; [— 
tion added added Okoboji c.'L Webster sicl Nicollet 1 Wadena Is Clarion sicl 
27 0 0 115.6 A 146.5 A 241.3 A 24.7 A 235.5 A 
2400 .2600 237.5 A 1032.5 A 1489.0 A 36.9 A 846.2 A 
48000 52000 192.3 A 121.0 A 100.9 A 43.0 A 1458.6 A 
54 0 0 -10,4 A -23.7 A -25.1 A -30.3 A -18.5 A 
2400 2600 181.7 A -19.4 A -25.9 A -30.6 A -17.4 A 
48000 52000 6.9 A 25.9 A -20.7 A -29.0 A 38.8 A 
81 0 0 96.8 A 20.6 A -35.8 A -12.1 A 98.0 A 
2400 2600 125.6 A -32.4 A 52.6 A 47.0 A -14.0 A 
48000 52000 119.3 A 39.9 A 99.6 A 61.7 A 57.3 A 
SD 78.9 345.9 568.0 39.1 693.9 
Initial soil NO "-N II H H 0
 
32.5 36.0 31.5 20.4 
C^alculated as the difference between initial soil plus fertilizer NOo~-N and 
average NO^~~N in duplicate samples of soil. 
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Table 39. Effects of monocalcium phosphate on nitrate accumu­
lation in a Clarion clay loam 
Days of Treatment Nitrate accumulation 
incubation ppm P added (ppm NO^ "-N) 
3 0 -0.9 DE 
50 -1.2 DE 
500 7.7 DE 
5000 -0.9 DE 
50000 -4.7 E 
9 0 14.3 D 
50 6.3 DE 
500 7.7 DE 
5000 2.9 DE 
50000 -0,1 DE 
27 0 45.5 A 
50 33.7 AB 
500 35-3 AB 
5000 25.1 BC 
50000 20.3 CD 
81 0 34.7 AB 
50 38.9 AB 
500 32.1 A 
5000 3:5 DE 
50000 11.3 DE 
SD 5.1 
Initial soil NO^ ~-N = 20.5 
C^alculated as the difference between the initial soil 
plus fertilizer N0o"-N and the average NOo'-N in five repli­
cate samples of soil. 
Table 40. Effects of monocalcium phosphate on nitrate accumulation in five Iowa 
soils 
Days of 
incuba­
tion 
27 
54 
81 
Treatment 
ppm P 
added 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
SD 
Initial soil NO ^  
Nitrate accumulation (ppm NO^ ~-N)^  
Okotoji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
115.6 A 
116.3 A 
30.0 A 
-10.4 A 
17.5 A 
-10.0 A 
96.6 A 
59.1 A 
54.7 A 
55.6 
•-N = 11.0 
146.5 A 
206.8 A 
8.8 A 
-23.7 A 
—28•6 A 
-31.9 A 
20.6 A 
21.6 A 
-11.5 A 
80. 5 
32.5 
241.3 A 
220.1 A 
-20.7 A 
-25.1 A 
-33.5 A 
-35.3 A 
-35.8 A 
-36.0 A 
-35.9 A 
105.1 
36.0 
24.7 A 
24.4 A 
-26.9 A 
'30.3 A 
-24.2 A 
"20.9 A 
-12.1 A 
17.2 A 
•28.4 A 
23.0 
31.5 
235.5 A 
94.2 A 
3.1 A 
-18.5 A 
-18.4 A 
-17.0 A 
98.0 A 
114.5 A 
-19.2 A 
77.3 
20.4 
Calculated as the difference between initial soil plus fertilizer NOo~-N and 
average NO^ ~-N in duplicate samples of soil. 
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and 5000 ppm P treated soil after 2? days of incubation. After 
5^  and 81 days of incubation nitrate decreased in treated and 
untreated soils. These nitrate losses may have been due to 
denitrification. Soils treated with 100,000 ppm P lost the 
largest quantities of nitrate. 
Potassium chloride 
Effects of various concentrations of potassium chloride 
on nitrate accumulation in a Clarion clay loam are illustrated 
in Table 41. Nitrate accumulation in all soils throughout the 
81 days of incubation did not appear to vary significantly. 
Effects of high concentrations of potassium chloride on 
nitrate accumulations in five Iowa soils are illustrated in 
Table 42. Highest accumulations were found in soils following 
27 days of incubation. Nitrate was lower in all soils at the 
54-day sampling. Variation in soil nitrate accumulation 
probably V.'2.E related to NPNI ty *1 f Voatlon and/or analytical 
variation. 
Phosphatase Activity 
Ammonium nitrate 
Effects of high concentrations of ammonium nitrate on 
phosphatase activity in five Iowa soils are illustrated in 
Table 43. Phosphatase activity v/as significantly reduced in 
all 100,000 ppm N treated soils except the Okoboji clay loam. 
Phosphatase activity v/as also significantly reduced in 5000 
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Table 41. Effects of potassium chloride on nitrate accumula­
tion in a Clarion clay loam 
Days of Treatment Nitrate accumulation 
incubation ppm K added (ppm N03"-N)^  
3 0 25o8 ABCD 
50 27.8 ABCD 
500 28.2 ABCD 
5000 28.2 ABCD 
50000 24.0 ABCD 
9 0 29.6 ABC 
50 17.2 CDE 
500 24.0 ABCD 
5000 29.2 ABC 
50000 15.2 DE 
27 0 16.8 CDE 
50 24.8 ABCD 
500 27.8 ABCD 
5000 25.2 ABCD 
50000 20.0 CDE 
81 0 20.6 CDE 
50 35.2 A 
500 34.8 AB 
"jOOO 26.4 ABCD 
50000 11.0 E 
SD 3.8 
Initial soil NO^ '-N = 26./ 
C^alculated as the difference between the initial soil 
plus fertilizer N0o"-N and the average NOo~-N in five replicate 
samples of soil. 
Table 42. Effect» of potassium cliloride on nitrate accumulation in five Iowa soils 
Days of Treatment Nitrate accumulation (ppm NO^ "-N)^  
incuba- ppm K — ] 
tion added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
27 0 115.6 A 146.5 A 241.3 A 24.7 A 235.5 A 
5000 113.0 A 254.2 A 125.9 A 21.0 A 78.7 A 
100000 192.7 A 218.1 A 177.7 A 36.3 A 70.0 A 
54 0 -10.4 A -23.7 A -25.1 A -30.3 A -18.5 A 
5000 
-717 A -22.1 A -34.7 A -30.0 A -18.7 A 
100000 —10.4 A 29.9 A -35.1 A 29.9 A -18.7 A 
81 0 96.8 A 20.6 A -35.8 A -12.1 A 98.0 A 
5000 -10.8 A 
-9.7 A 39.1 A 5.4 A 30.2 A 
100000 62.7 A 59.0 A 3.5 A 11.6 A -1.3 A 
SD 74.8 110.3 107.6 29.0 77.9 
Initial soil NOq" -N = 11.0 32.5 36.0 31.5 20.4 
C^alculated as the difference between initial soil plus fertilizer KO^ ~-N and 
average NO^ ~-N in duplicate samples of soil. 
Table 43. Effects of ammonium nitrate on phosphatase activity in five Iowa soils 
Days of Treatment Phosphatase activity (ppm p-nitrophenol produced/hr at 37°C)^ 
incuba- ppm N 
tion added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 32.0 A 238.1 AB 88.7 ABCD 97.5 A 247.9 AB 
5000 39.4 A 250.7 A 79.4 ABCDE 41.0 DE 230.1 ABCD 
100000 29.8 A 145.1 EFGHI 35.0 EFGHI 31.7 EFG 130.8 FGHI 
27 0 31.3 A 210.7 ABCD 94.1 AB 88.0 AB 269.2 A 
5000 34.6 A 179.2 BCDEFG 64.3 ABCDEFGH 32.8 EFG 196.8 ABCDEF 
100000 21.6 A 90.9 HIJ 16.4 I 9.1 G 83.7 I 
54 0 24.3 A 15C.5 DEFGH 66.6 ABCDEFG 56.2 D 181.2 BCDEFG 
5000 32.7 A 202 .,2 ABCDEF 63.1 ABCDEî'GHI 21.8 G 179.8 BCDEFG 
100000 15.2 A 4S .1 J 19.5 I 17.4 G 70.8 I 
81 0 39.9 A 20: , 5 ABCDE 90.7 ABC 83.9 ABC 227.0 ABCDE 
5000 36.6 A 21î;„6 ABC 96.1 ABCDEF 42.9 DEF 241.0 ABC 
100000 78.1 A 6:1.2 J 69.8 ABCDEF 24.7 FG 53.7 I 
SD 19.0 I'l.o 13.1 5.9 24.3 
^Average of duplicate analyses. Substrate concentration equal to 5 x 10 M p-nitrophenyl 
phosphate. 
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ppm N treated Wadena loamy sand throughout the experiment. 
Piammonium phosphate 
Effects of high concentrations of diammonium phosphate 
on phosphatase activity in five Iowa soils are illustrated in 
Table 44. Phosphatase activity was significantly reduced in 
all 100,000 ppm (N plus P) treated soils throughout the ex­
periment. Phosphatase activity was significantly reduced in 
5000 ppm (N plus P) treated Webster silty clay loam, Nicollet 
loam, Wadena loamy sand, and Clarion silty clay loam at one or 
more samplings. Phosphatase activity appeared to recover 
slightly in both 5000 and 100,000 (N plus P) treated soils 
following 81 days of incubation. 
Monocalcium phosphate 
Effects of high concentrations of monocalcium phosphate 
on phosphatase activity in five Iowa soils are illustrated in 
Table 45. Phosphatase activity was significantly reduced in 
all 100,000 ppm P treated soils throughout the experiment 
except in the Okoboji clay loam where activity increased 
sufficiently after 5^  days of incubation to be in the same 
statistical range of activity values as the untreated soil. 
Phosphatase activity was also significantly reduced in 5000 
ppm P treated Webster, Nicollet, Wadena, and Clarion silty clay 
loam soils following 0 and 27 days of incubation. Further in­
cubation led to a partial recovery of phosphatase activity in 
the 5000.,ppm P treated soils such that activities were not 
Table 44. Effects of dianmonlum phosp'iate on phosphatase activity in five Iowa soils 
_ £ Treatment ^ ^ 
ays o Phosphatase activity (ppm p-nitrophenol produced/hr at 37 C) incuba- ppm N ppm P ^ k c 1: i 
tion added added Okoboji cl Webster sic! Nicollet 1 Wadena Is Clarion sicl 
0 0 0 32.0 AB 238.1 A 88.7 ABC 97.5 A 247.9 AB 
2400 2600 25.8 ABCD 140.0 DBF 17.8 GH 38.1 E 152.0 DEF 
48000 52000 5.8 D 2.2 I 4.4 H 0.3 F 0.0 I 
27 0 0 31.3 ABC 210.7 94.1 A 88.0 AB 269.2 A 
2400 2i300 15.7 BCD 116.7 DEFG 53.8 DBF 1.5 F 121.2 DEFG 
48000 52000 0.1 D 5.0 I 0.6 H 0.0 F 10.1 I 
54 0 0 24.3 ABCD 150.5 D 66.6 ABCDB 56.2 D 181.2 BCD 
2400 2500 14.6 BCD 105.8 DEFGH 43.5 DEFG 4.7 F 101.9 FGH 
48000 52000 2.4 D 9.9 I 6.3 H 4.8 F 15.6 I 
81 0 0 39.9 A 203.5 ABC 90.7 AB 83.9 ABC 227.0 ABC 
2400 2600 21.7 ABCD 145.0 DE 68.8 ABCD 10.8 F 176.3 BCDE 
48000 52000 3.7 D 39.5 I 25.0 GH 11.1 F 42.9 HI 
SD 6.9 15.1 8.3 5.2 20.8 
^Average of duplicate analyses. Substrate concentration equal to 5 x 10 ^ M p-nitrophenyl 
phosphate. 
Table 45. Effects of monocalcium phosphate on phosphatase activity in five Iowa soils 
Days of Treatment Phosphatase activity (ppm p-nitrophenol produced/hr at 37°C) 
incuba- ppm P 
tion added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 32.0 238.1 A 88.7 ABCD 97.5 A 247.8 AB 
5000 12.7 BCDE 125.5 DEFGH 30.0 FGH 1.8 H 4.3 DEFGH 
100000 5.2 E 3.8 I 9.7 H 1.8 H 4.3 I 
27 0 31.3 ABCD 210.7 AB 94.1 AE, 88.0 AB 296.2 A 
5000 10.3 BCDE 127.9 DEFG 40.9 EFG 11.1 EFGH 129.1 DEF 
100000 0.0 E 0.0 I 0.0 H 0.0 H 0.0 I 
54 0 24.3 ABCDE 150.5 DE 66.6 BCDE 56.2 D 181.2 BCD 
5000 29.1 ABODE 130.2 DEF 54.5 EF 28.1 EF 128.0 DEFG 
100000 7.2 CDE 16.1 I 22.0 C3l 3.7 H 14.7 I 
81 0 39.9 A 203.5 ABC 90.7 ABC 83.9 ABC 227.0 ABC 
5000 31.6 ABC 163.7 CD 97.9 A 33.2 E 162.6 CDE 
100000 10.2 BCDE 14.1 I 15.6 m 5.0 GH 38.3 I 
SD 7.1 13.6 8.3 6.6 21.0 
^Average of duplicate analyses. Substrate concentration equal to 5 x 10 M p-nitrophenyl 
phosphate. 
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significantly different than activity in the untreated soil. 
Potassium chloride 
Effects of high concentrations of potassium chloride on 
phosphatase activity in five Iowa soils are illustrated in 
Table 46. Phosphatase activity was not significantly reduced 
in four of five K treated soils. Phosphatase activity was 
significantly reduced in 5000 ppm K treated Wadena loamy sand 
after 0 and 2? days of incubation. Phosphatase activity was 
also significantly reduced in the 100,000 ppm K treated Wadena 
loamy sand after 0, 27, and 5^  days of incubation. However, 
phosphatase activity was significantly higher in the 100,000 
ppm K treated Okoboji clay loam at the beginning of the 
experiment. 
Urease Activity 
•mmuuxixmii luu UJ. vc 
Effects of high concentrations of ammonium nitrate on 
urease activity in five Iowa soils are illustrated in Table 
47. With several exceptions, urease activity was not signifi­
cantly affected by either treatment concentration of ammonium 
nitrate. Urease activity decreased significantly in 100,000 
ppm N treated Nicollet loam at the beginning of the experiment. 
In contrast, urease activity increased in 5000 ppm N treated 
Okoboji clay loam and both 5000 and 100,000 ppm N treated 
Wadena loamy sand after 27 days of incubation. Urease activity 
Table 46. Effects of potassium chloride on phosphatase activity in five Iowa soils 
Days of Treatment Phosphatase activity (ppm p-nitrophenol produced/hr at 37°C)^ 
incuba- ppm K 
tion added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 32.0 B 238.1 A 88.7 A3C 97.5 A 247.9 ABC 
5000 46.3 AB 218.6 AB 125.1 A 62.9 CDE 270.7 A 
100000 61.(1 A 192.2 AB 50.8 C 39.7 E 214.5 ABC 
27 0 31.3 B 210.7 AB 94.1 ABC 88.0 AB 269.2 AB 
5000 32.6 B 165.3 AB 71.4 BC 41.9 E 206.4 ABC 
100000 18.]. B 162.4 AB 62.4 BC 41.1 E 191.3 ABC 
54 0 24.3 B 150.5 B 66.6 BC 56.2 DE 181.2 C 
5000 34.9 AB 127.7 B 81.9 ABC 68.2 BCD 183.0 C 
100000 34.2 AB 150.7 B 45.0 C 24.0 E 143.1 C 
81 0 39.9 AB 203.5 AB 90.7 ABC 83.9 ABC 227.0 ABC 
5000 32.4 B 209.2 AB 103.5 AB 60.9 DEC 235.9 ABC 
100000 30.9 B 152.6 B 60.3 BC 45.1 DE 167.9 C 
SE- 8.3 23.0 14.7 6.9 14.2 
^ * J Average of duplicate analyses. Substrate concentration equal to 5 x 10 M p nitrophenyl 
phosphate. 
Table 4-7. Effects of ammonium nitrate on urease activity in five Iowa soils 
Days of Treatment Urease activity (ppm produced/5 hrs at 37°G )* 
incuba­
tion 
ppm N 
added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 106.8 AB 114.9 A 387.1 A 15.3 C 44.2 A 
5000 46.7 ABC 63.8 A 269.8 AB 2.9 C 23.8 A 
100000 35.3 BC 25.4 A 0.0 C 2.8 C 10.5 A 
27 0 27 .9  BC 29.3 A 46.4 C 7.3 C 13.1 A 
5000 125.1 A 134.5 A 105.9 BC 71.8 AB 15.0 A 
100000 53.0 ABC 71.0 A 168.3 BC 92.8 A 13.8 A 
5^ 0 104.3 ABC 103.1 A 166.3 BC 8.6 C 35.4 A 
5000 62.7 ABC 95.8 A 62.3 C 4.9 C 10.0 A 
100000 31 3 EC 117.0 A 65.4 C 10.1 C 12.6 A 
31 0 65.0 ABC 66.3 A 90. 0 BC 10.7 C 24.4 A 
5000 2,6 C 54.8 A 32.6 C 14.0 C 11.9 A 
100000 20.2 C 34.9 A 0.0 C 0.0 C 0.0 A 
SD 24,3 31.7 55.1 46.8 46.8 
a Average of duplicate analysjes. Substrate concentration = 2,000 ppm urea-N. 
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was totally inhibited in 100,000 ppm N treated Nicollet loam, 
Wadena loamy sand, and Clarion silty clay loam after 81 days 
of incubation. However, due to high variability this reduction 
in urease activity was not statistically significantly differ­
ent from the untreated sample. 
Piammonium phosphate 
Effects of high concentrations of diammonium phosphate on 
urease activity in five Iowa soils are illustrated in Table 48. 
With two exceptions urease activity v/as not significantly af­
fected by diammonium phosphate. These exceptions occurred in 
5000 ppm (N plus P) treated Clarion silty clay loam after 0 
and 27 days of incubation. Increased urease activity was ob­
served in both cases. 
Monocalcium phosphate 
Effects of high concentrations of monocalcium phosphate 
on urease activity in five Iowa soils are illustrated in Table 
49. In contrast to ammonium nitrate or diammonium phosphate, 
monocalcium phosphate treated soils showed frequent, signifi­
cant reductions in urease activity. 
Potassium chloride 
Effects of high concentrations of potassium chloride on 
urease activity in five Iowa soils are illustrated in Table 50. 
With fev; exceptions urease activity was not affected statis­
tically by potassium chloride in any of the five soils through-
Table 48. Effect» of diammonium phosphate on urease activity in five Iowa soils 
Days of —Treatment— Urease activity (ppm -N produced/5 hrs at 3? C) 
incuba ppn N ppm P — — 
tion added added Okoboji c:l Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 0 106.8 A 114.9 AB 387.1 A 15.3 B 55»2 CD 
2400 2600 52.4 A 163.6 AB 290.8 ABC 17.0 B 121,8 AB 
48000 52000 136.7 A 193.7 A 352.4 AB 25.1 AB 90.8 ABC 
27 0 0 27.9 A 29.3 B 46.4 D 7.3 B 13.1 D 
2400 2600 130.1 A 160.0 AB 137.9 CD 81.9 A 122.2 A 
48000 52000 127.0 A 122.9 AB 67.8 D 41.8 AB 82.3 ABCD 
54 0 0 104.3 A 103.1 AB 166,3 BCD 8.6 B 35.4 CD 
2400 2600 30 .3  A 38.7 B 136.3 CD 11.6 B 30.7 CD 
48000 52000 94.1 A 236.1 A 0.0 D 56.9 AB 29.5 CD 
81 0 0 65.0 66.3 AB 90.0 CD 10.7 B 24.4 D 
2400 2600 38.7 A 21.9 B 187.8 ABCD 30.9 AB 27.9 CD 
48000 52000 70.4 A, 79.3 AB 0.0 D 9.6 B 46.8 CD 
SD 34.1 52.6 59.7 17.2 18.8 
^Average of duplicate analyses. Substrate concentration = 2,000 ppm urea-N. 
Table 49. Effects of monocalcium phosphate on urease activity in five Iowa soils 
Days of Treatment Urease activity (ppm NHj|^  -N produced/5 hrs at 37 C ) 
incuba- ppia P — — — 
tion added Okoboji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 106.8 A 114.9 A 387.1 A 15.3 A 55.2 A 
5000 10.5 CD 111.5 AB 112.5 BC 14.4 AB 18.8 B 100000 1.5 D 10.0 CD 6.4 D 0.1 C 22.5 AB 
27 0 27.9 CD 29.3 ABCD 46.4 CD 7.3 ABC 13.1 B 
5000 9.0 D 15.6 ABCD 13.8 D 2.2 C 10.3 B 
100000 7.3 D 9.5 CD 2.5 D 1.4 C 8.6 B 
5k 0 104.3 AB 103.1 ABC 166.3 B 8.6 ABC 35.4 AB 
5000 19.2 CD 35.7 ABCD 42.3 CD 9.4 ABC 26.6 AB 100000 0.0 D 0.6 CD 0.9 D 1.0 C 2.3 B 
81 0 65.0 ABC 66.3 ABCD 90.0 BCD 10.7 ABC 24.4 AB 
5000 5 .3  D 30.5 ABCD 40.4 CD 6.9 ABC 13.2 B 100000 0.0 D 0.0 CD 13.4 D 2,1 C 0.0 B 
S:D 15.7 29.0 26.3 3 . 5  10.4 
^Average of duplicate aiialyises. Substrate concentrations 2,000 ppm urea-N. 
Table 50» Effects of potassium chloride on urease activity in five Iowa soils 
Da^ rs of Treatment Urease activity (ppm NH^  -N p]X)duced/5 hrs at 37 G ) 
incuba- ppm K — —— — 
tion added Okobcji cl Webster sicl Nicollet 1 Wadena Is Clarion sicl 
0 0 106.8 A 114.9 B 387.1 AB 15.3 B 55.2 A 
5000 89.1 A 95.0 BCDE 471.2 A 7.2 B 39.7 A 
100000 86.9 A. 87.5 BCDE 256.0 BC 6.2 fi 43.8 A 
27 0 27.9 A 29.3 E 46.4 D 7.3 B 13.1 A 
5000 24.8 A 38.2 CDE 30.3 D 4.5 B 10.2 A 
100000 34.2 A 25.2 E 33.9 D 8.1 B 4.0 A 
5^ 0 104., 3 A 103.1 BC 166.3 CD 8.6 B 35.4 A 
5000 69 1 A 102.0 BCD 102.2 D 5.4 B 29.7 A 
100000 87.5 A 87.7 BCDE 35.1 D 10.4 B 17.4 A 
81 0 65.0 A 66.3 BCDE 90.0 D 10.7 B 24.4 A 
5000 63.0 A 67.8 BCDE 75.9 D 5.8 B 13.4 A 
100000 106.4 A 186.7 A 149.6 CD 37.6 A 52.4 A 
S:D 37.5 20.4 40.8 5.0 14.2 
^Average of duplicate analyses. Substrate concentration = 2,000 ppm urea-N. 
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out the experiment. After 81 days of incubation, all soils 
with 100,000 ppro K had higher urease activity, with signifi­
cantly higher activities in the Webster sicl and the Wadena Is. 
Physical-Chemical Soil Properties 
Effects of various concentrations of ammonium nitrate, 
diammonium phosphate, monocalcium phosphate, and potassium 
chloride on soil moisture, electrical conductivity of satura­
tion extracts, and soil pH in a Clarion clay loam are illus­
trated in Tables 51, 53. 55, and 57» Effects of high concen­
trations of these same salts on soil moisture, water activity, 
and soil pH in five Iowa soils are illustrated in Tables 52, 
54, 56, and 58. Relationships between physical-chemical and 
biological properties of these soils were examined statis­
tically using the IBM 360/65 and 370/158 computers at the Iowa 
State University Computation Center. Results of these analyses 
are described in the Discussion section of this dissertation. 
153 
Table 51. Effects of ammonium nitrate on several physical-
chemical properties of a Clarion clay loam 
Electrical 
Soil pH& Days of Treatmen-fc Soil conductivity 
incuba­ ppm N moisture ^ (mmhos/cm (1*2 soil: 
tion added (^) @ 250c) HOH ratio) 
3 0 33.11 0.62 6.17 
68 33.11 1.13 6.13 
680 33.97 4.11 5.82 
6800 34.24 29.78 5.60 
68000 32.50 182.69 4.95 
9 0 31.06 0.87 5.98 
68 33.11 1.05 5.73 
680 33.97 3.87 5.65 
6800 33.10 24.32 .^56 
68000 30.04 157.53 4.96 
27 0 34.04 0.57 6.24 
68 31.33 1.06 6.09 
680 33.40 3.39 5.85 
6800 33.10 26.44 5.75 
68000 29.65 182.53 5.11 
81 0 31.90 0.81 6.11 
68 32.91 1.47 5.81 
680 34.17 4.53 5.60 
6800 31.67 30.78 5.69 
34.32 177.60 5 = 36 
^Average of five replicate soil samples. 
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Table 52. Effects of ammonium nitrate on several physical-
chemical properties of five Iowa soils 
Days of Treatment Soil Soil p^  
incuba- ppm N moisture Water (li2 soil: 
tion added (^ ) activity HOH ratio) 
Okoboji clay loam 
0 0 
5000 
100000 
23.69 
23.69 
23.69 
7.72 
7.50 
7.14 
27 0 
5000 
100000 
22.72 
22.99 
23.96 
7.19 
7.62 
7.24 
54 0 
5000 
100000 
20.33 
20.10 
21.70 
0.9714 
0.9750 
0.6125 
8.60 
7.54 
7.10 
81 0 
5000 
100000 
19.79 
19.02 
28.82 
7.75 
7.45 
6.28 
Webster silty clay loam 
0 0 
5000 
100000 
36.72 
36.72 
36=72 
6.29 
6.70 
6.52 
27 0 
5000 
100000 
36.07 
35.77 
37.27 
6.90 
6.74 
54 0 
5000 
100000 
33.01 
32.66 
35.51 
0.9900 
0.9650 
0.6485 
7.55 
6.81 
6.47 
ol 0 
5000 
100000 
32.67 
31.81 
28.36 
n AT { 8 Vi 
6.74 
6.83 
^Average of duplicate soil samples. 
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Table 52. (Continued) 
Days of Treatment Soil Soil pH 
incuba- ppm N moisture Water (li2 soil: 
tion added {%) activity HOH ratio) 
Nicollet loam 
27 
5/+ 
81 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
28.16 
28.16 
28.16 
27.72 
27.88 
29.03 
24.71 
24.83 
25.86 
22.97 
22.79 
30.98 
0.9950 
0.9565 
0.6255 
7.34 
7.23 
6.98 
7.42 
7.19 
6.92 
7.42 
7 .28  
6.84 
7.44 
7 .28  
6.65 
27 
54 
81 
Wadena loamy sand 
0 7.94 
5000 7.94 
100000 7.94 
0 6.16 
5000 7.63 
100000 9.88 
0 
5000 
100000 
0 
5000 
100000 
4.16 
4.98 
6.47 
4.12 
4.73 
18.89 
0.9940 
0.8765 
0.5390 
5.76 
5.16 
4.72 
D' ( J 
5.18 
4.84 
5.80 
5.16 
4.85 
5.25 
er on 
5.76 
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Table 52. (Continued) 
Days of Treatment Soil Soil pH 
incuba- ppm N moisture Water (1:2 soil» 
tion added (^ ) activity HOH ratio) 
Clarion silty clay loam 
0 0 
5000 
100000 
37.81 
37.81 
37.81 
6.25 
5.93 
5.76 
27 0 
5000 
100000 
37.19 
36.53 
37.79 
6.45 
5.76 
5.68 
54 0 
5000 
100000 
34.04 
34.39 
37.28 
0.9930 
0.9850 
0.7610 
6.28 
6.08 
5.64 
81 0 
5000 
100000 
33.55 
33.32 
20.29 
5.94 
5.90 
5.14 
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Table 53• Effects of diammonium phosphate on several physical-
chemical properties of a Clarion clay loam 
Days of 3^ .^  oSdSSivl^  ^ Soil 
incuba- ppm N ppm P moisture (mmhos/cm (1:2 soil; 
tion added added @ 25°G) HO H ratio) 
3 0 0 36.21 0.17 6.25 
24 26 36.73 0.33 6.27 
240 260 37.14 0.49 6.21 
2400 2600 37.15 1.83 6.85 
24000 26000 36.84 52.60 7.65 
9 0 0 37.09 0.28 6.22 
24 26 36.29 0.66 6.06 
240 260 37.03 0.91 5.96 
2400 2600 37.12 2.07 6.63 
24000 26000 36.95 50.75 7.80 
27 0 0 36.14 0.36 6.17 
24 26 36.23 0.52 6.00 
240 260 36.31 1.37 5.58 
2400 2600 36.60 2.52 6.53 
24000 26000 35.86 51.96 7.50 
81 0 0 36.91 0.63 6.02 
24 26 36.70 0.74 5.83 
240 260 36.70 2.25 5.10 
2400 2600 36.65 4.72 5.94 oil r\r\ r\ n C r\r\r\ 6UVWV 0^  m 47.80 7 = 65 
^Average of five replicate soil samples. 
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Table 54. Effects of diammonium phosphate on several 
physical-chemical properties of five Iowa soils 
Days of Treatment goii Soil pH® 
incuba- ppm N ppm P moisture Water (1:2 soil* 
tion added added {fo) activity HOH ratio) 
Okoboji clay loam 
0 0 
2400 
48000 
0 
2600 
52000 
23.69 
23.69 
23.69 
7.72 
7.63 
8.08 
27 0 
2400 
48000 
0 
2600 
52000 
22.72 
22.26 
23.69 
7.19 
7.15 
6.96 
54 0 
2400 
48000 
c 
2600 
52000 
20.33 
20.35 
30.03 
0.9714 
0.9530 
0.9030 
8.60 
7.16 
7.60 
81 0 
2400 
48000 
0 
2600 
52000 
19.79 
17.69 
21.05 
7.75 
7.23 
7.81 
Webster silty clay loam 
0 0 
2400 
48000 
0 
2600 
52000 
36.72 
36.72 
rt C rro 
J\J • f A, 
6.92 
6.88 
y , ÛM 
27 0 
2400 
48000 
0 
2600 
52000 
36.07 
35.79 
36.52 
6.90 
6.26 
6.94 
54 0 
2400 
48000 
0 
2600 
52000 
33.01 
33.44 
33.52 
0.9900 
0.9490 
0.8255 
7.55 
6.94 
7.51 
81 0 
2400 
48000 
0 
2600 
52000 
32.67 
32.05 
33.01 
7.01 
5.72 
7.90 
^Average of duplicate soil samples. 
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Table $4. (Continued) 
Days of Treatment soil Soil pH 
incuba- ppm N ppm P moisture Water (1:2 soil: 
tion added added (^ ) activity KOH ratio) 
Nicollet loam 
0 0 0 28.16 7.34 
2400 2600 28.16 7.57 
48000 52000 28.16 7.88 
27 0 0 27.72 7.42 
2400 2600 25.78 7.22 
48000 52000 27.75 7.00 
54 0 0 24.71 0.9950 7.42 
2400 2600 23=40 0.9420 7.00 
48000 52000 25.12 0.9015 7.58 
81 0 0 22.97 7.44 
2400 2600 23.89 6.22 
48000 52000 24.53 8.02 
Wadena loamy sand 
0 0 0 7.94 5.76 
2400 2600 7.94 7.53 
48000 52000 7.94 8.00 
2? 0 0 6.16 5.75 
2400 2600 6.88 7.76 
48000 52000 7.97 8.00 
54 0 0 4.16 0.9940 5.80 
2400 2600 4.31 0.8965 6.94 
48000 52000 4.70 O.88O5 7.82 
81 g 0 4 = 12 5.25 
2400 2600 3.18 7.76 
48000 52000 4.93 7.92 
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Table $4. (Continued) 
Days of Treatment goil Soil pH 
incuba- ppm N ppm P moisture Water (li2 soil: 
tion added added i f o )  activity HO H ratio) 
Clarion silty clay loam 
0 0 
2400 
48000 
0 
2600 
52000 
37.81 
37.81 
37.81 
6.25 
6.83 
7.64 
27 0 
2400 
48000 
0 
2600 
52000 
37.19 
35.71 
37.36 
6.45 
6.85 
7.68 
54 0 
2400 
48000 
0 
2600 
52000 
34.04 
31.19 
33.98 
0.9930 
0.9520 
0.9015 
6.28 
7.16 
7.55 
81 0 
2400 
48000 
0 
2600 
52000 
33.55 
32.29 
34.45 
5.94 
6.04 
7.62 
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Table 55. Effects of monocalcium phosphate on several 
physical-chemical properties of a Clarion clay loam 
Days of 
incuba­
tion 
Treatment 
ppm P 
added 
Soil 
moisture^  
()() 
conductivity 
(mmhos/cm 
@ 25OG) 
Soil pH* 
(li2 soil; 
HOH ratio) 
3 0 36.78 1.02 5.85 
50 36.80 0.96 5.83 
500 36.38 0.65 5.89 
5000 36.64 2.37 4.96 
50000 34.54 16.90 3.46 
9 0 36.62 0.52 6.18 
50 36.57 0.45 6.15 
500 36.38 0.58 5.89 
5000 36.17 1.53 5.05 
50000 33.95 lb.8? 3.35 
27 0 35.73 0.63 6.09 
50 35.92 0.54 6.10 
500 35.92 0.56 5.75 
5000 35.76 1.79 5.33 
50000 34.29 17.41 3.67 
81 0 36.74 0.90 5.92 
50 36.61 0.81 5.93 
500 36.71 0.89 5.76 
5000 36.27 1.37 5.57 
r'r\r\r\r\ 33.94 13.00 3,82 
^Average of five replicate soil samples. 
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Table 56. Effects of monocalcium phosphate on several 
physical-chemical properties of five Iowa soils 
Days of Treatment Soil Soil p^ 
incuba- ppm ? moisture Water (Is2 soil: 
tion added {%) activity HOH ratio) 
Okoboji clay loam 
0 0 
5000 
100000 
23.69 
23.69 
23.69 
7.72 
5.37 
3.03 
27 0 
5000 
100000 
22.72 
22.57 
22.47 
7.19 
5.42 
3.03 
54 0 
5000 
100000 
20.33 
19.26 
19.24 
0.9714 
0.9405 
0.8960 
8.60 
5.99 
3.18 
81 0 
5000 
100000 
19.79 
18.63 
19.38 
7.75 
6.02 
2.98 
Webster silty clay loam 
0 0 
5000 
1nnnnA 
^ V/ V/ w w 
36.72 
36.72 
o/C no 
6.92 
5.52 
9 Q9 
27 0 
5000 
100000 
36.07 
35.52 
36.38 
6.90 
5.47 
3.06 
54 0 
5000 
100000 
33.01 
30.98 
32.32 
0.9900 
0.9485 
0.9140 
i n  
3.27 
81 0 
5000 
100000 
32.67 
32.42 
33.22 
7.01 
5» 66 
3.08 
^Average of duplicate soil samples. 
Days 
incul 
tion 
0 
27 
54 
81 
0 
27 
54 
81 
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(Continued) 
Treatment Soil Soil pH 
ppm P moisture Water (1*2 soil» 
added (^) activity HOH ratio) 
Nicollet loam 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
0 
5000 
100000 
28.16 
28.16 
28.16 
27.72 
26.80 
27.18 
24.71 
24.26 
24.32 
22.97 
23.73 
24.64 
0.9950 
0.9440 
0.8915 
7.34 
5.55 
2.93 
7.42 
5.67 
3.02 
7.42 
6.19 
3.10 
7.44 
6.02  
3.39 
0 
5000 
100000 
0 
5000 
100000 
Wadena loamy sand 
7.94 
7.94 
7.94 
6.16 
6.77 
7.03 
.76 
.70 
3.14 
5.75 
4.86 
2.96 
V 
5000 
100000 
0 
5000 
100000 
4.16 
4.02 
4.07 
4.12 
4.26 
5.08 
0.9940 
0.9335 
0.8315 
5» 80 
5.55 
2.97 
5.25 
5.52 
2.78 
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Table $6. (Continued) 
Days of Treatment Soil Soil pH 
incuba- ppm P moisture Water (1:2 soil: 
tion added (??) activity HOH ratio) 
Clarion silty clay loam 
0 0 
5000 
100000 
37.81 
37.81 
37.81 
62.5 
5.13 
2.90 
27 0 
5000 
100000 
37.19 
36.73 
37.11 
6.45 
5.25 
3.02 
54 0 
5000 
100000 
34.04 
33.20 
33.68 
0.9930 
0.9445 
0.8860 
6.28 
5.55 
3.16 
81 0 
5000 
100000 
33.55 
33.80 
34.02 
5.94 
5.52 
3.00 
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Table 5?= Effects of potassium chloride on several physical-
chemical properties of a Clarion clay loam 
Electrical 
Days of Treatment Soil conductivity Soil pH^ 
incuba­ ppm K moisture (mmhos/cm (1:2 soil: 
tion added (#) @ 250c) HOH ratio) 
3 0 36.90 1.12 5.80 
50 36.90 1.19 5.80 
500 36.62 2.79 5.60 
5000 36.83 17.00 5.40 
50000 34.12 143.00 5.20 
9 0 37.04 1.08 5.70 
50 36.72 1.25 5.70 
500 36.75 2.88 5.60 
5000 36.81 16.00 5.40 
50000 "34.10 131.00 5.20 
27 0 36.45 1.11 5.50 
50 36.80 1.36 5.50 
500 36.08 2.87 5.40 
5000 36.21 18.00 5.20 
50000 33.84 124.00 5.20 
81 0 36.36 1.32 5.60 
50 36.62 1.53 5.70 
500 36.10 2.66 5.60 
5000 36.60 15.90 5.50 
5OGOO 00 r\r> J J • 129.00 5.40 
^Average of five replicate soil samples. 
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Table 58. Effects of potassium chloride on several physical-
chemical properties of five Iowa soils 
Days of Treatment Soil Soil pH 
incuba- ppm K moisture Water (li2 soil; 
tion added (^) activity HOH ratio) 
Okoboji clay loam 
0 0 
5000 
100000 
23.69 
23.69 
23.69 
7.72 
7.30 
7.17 
27 0 
5000 
100000 
22.72 
22.81 
23.18 
7.19 
7.28 
7.56 
54 0 
5000 
100000 
20.33 
20.10 
22.11 
0.9714 
0.9910 
0.8360 
8.60 
7.33 
7.55 
81 0 
5000 
100000 
19.79 
23.32 
20.47 
7.75 
7.80 
7.42 
Webster silty clay loam 
0 0 
5000 
100000 
36.72 
36.72 
36 = 72 
6.92 
6.72 
6.4? 
27 0 
5000 
100000 
36.07 
35.22 
36.61 
6.90 
6.83 
6.71 
54 0 
5000 
100000 
33.01 
32.94 
33.88 
0.9900 
0.9670 
0.8085 
7.55 
7.20 
6.86 
81 Û 
5000 
100000 
32.67 
32.98 
33.86 
7.01 
6.70 
6.60 
^Average of duplicate soil samples. 
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Table 58. (Continued) 
Days of Treatment Soil Soil pH 
incuba- ppm K moisture Water (1*2 soil; 
tion added (%) activity HOH ratio) 
Nicollet loam 
27 
54 
81 
0 
5000 
100000 
0 
5000 
100000 
0 
sooo 
1OÔ000 
0 
5000 
100000 
28.16 
28.16 
28.16 
27.72 
26.39 
27.95 
24.71 
24.84 
25.44 
22.97 
22.59 
24.79 
0.9950 
0.9645 
0.8250 
7.34 
7.09 
7.03 
7.42 
7.24 
7.14 
7.42 
7.35 
7.15 
7.44 
7.30 
7.18 
27 
54 
Al 
Wadena loamy sand 
0 7.94 
5000 7.94 
100000 7.94 
0 6.16 
5000 7.08 
100000 7.53 
0 4.16 
5000 5.00 
100000 5.87 
0 4.12 
5000 4.53 
100000 5.38 
0.9305 
0.8205 
5.76 
5.18 
4.96 
5.75 
5.22 
5.03 
5.30 
5.44 
5.15 
5.25 
5.25 
4.98 
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Table 58. (Continued) 
Days of Treatment Soil Soil pH 
incuba- ppm K moisture Water (1:2 soil: 
tion added ( f a )  activity HOH ratio) 
Clarion silty clay loam 
0 0 
5000 
100000 
37.81 
37.81 
37.81 
6.25 
6.08 
5.78 
27 0 
5000 
100000 
37.19 
36.56 
37.66 
6.45 
6.10 
6.05 
54 0 
5000 
100000 
34.04 
34.27 
35.09 
0.9930 
0.9950 
0.8315 
6.28 
6.05 
5.96 
81 0 
5000 
100000 
33.55 
33.83 
34.68 
5.94 
5.97 
5.83 
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DISCUSSION 
Soil Microbial Biomass 
Data presented in Tables 3 to 10 indicate that high con­
centrations of fertilizer salts employed in these studies 
usually had no statistically significant effect on microbial 
biomass. Analyses of variance were used to examine these 
data for relationships between biomass and other parameters 
such as fertilizer material, rates of fertilizer application, 
period of incubation, as well as certain soil physical-
chemical and biological properties. These analyses of vari­
ance are summarized in Tables 62 to 68 in the Appendix. 
In the first study, microbial biomass in a Clarion clay 
loam was significantly affected by treatments and incubation 
times within rates. Microbial biomass in ammonium nitrate 
treated Clarion clay loam was significantly related to soil 
nematode numbers, microscopic count numbers of soil micro­
organisms, and soil respiration-COg evolution. Microbial 
biomass increased as numbers of nematodes and total micro­
organisms in soil increased. Since microbial biomass de­
creased as soil respiration increased, microbial tissue may 
have been decomposed by active microorganisms in soil. Soil 
properties such as pH, soluble salts, water content, and 
mineral N were not significantly related to soil microbial 
biomass. 
Microbial biomass in diammonium phosphate treated Clarion 
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clay loam was significantly related to total microbial numbers, 
soil respiration, concentration, and soil moisture con­
tent. Microbial biomass increased as total numbers of micro­
organisms and NH^^-N concentration increased. Microbial bio­
mass decreased as soil respiration and moisture content in­
creased. 
Nematode numbers were not significantly related to micro­
bial biomass as they were in ammo ilium nitrate treated Clarion 
clay loam. One reason is that at 50#000 ppm (N + P) diammonium 
phosphate was extremely toxic to soil nematodes reducing their 
numbers to less than 0.1 per gram oven dry soil. This toxicity 
resulted because of free ammonia as noted previously by Eno, 
Blue, and Good (1955)» Yet 50.000 ppm (N + P) did not sig­
nificantly reduce total microbial numbers or biomass as de­
termined by microscopic counts. Thus divergence of microbial 
biomass and nematode numbers at 50,000 ppm (N + P) treatment 
level was probably responsible for the lack of significance. 
Microbial biomass in monocalcium phosphate treated Clarion 
clay loam was significantly affected by nematode numbers, total 
microbial numbers, and soil respiration. Relationships were 
similar to those observed with ammonium nitrate. 
Microbial biomass in potassium chloride treated Clarion 
clay loam was significantly related to total microbial num­
bers, NO^~-N concentration, and soluble salts. Microbial 
biomass increased as total numbers of microorganisms and 
soluble salt concentration in soil increased. Microbial 
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biomass increased as soil NO^"-N concentration decreased. A 
possible explanation is derived from the relationship between 
salt addition and nitrification. At higher salt concentrations 
(>5000 ppm K^) nitrification was inhibited. The increased 
microbial biomass immobilized more soil NO^ -N. Thus 
microbial biomass appeared to increase as a function of de­
creased soil NO^~-N. 
In the second study, changes in microbial biomass in five 
soils as determined by microscopic counts were not significant­
ly related to different fertilizer materials, rates within fer­
tilizers, soils within rates, or incubation periods within 
soils. Microbial biomass as determined by ATP analysis was 
significantly affected by incubation time within soils. A 
reduction in microbial biomass occurred with increased time of 
incubation. Microbial biomass (ATP derived) was significantly 
related to soil moisture content, plate-count numbers of bac­
teria, and water activity. 
Microbial biomass decreased as soil moisture content in 
soils decreased. At least two factors were involved. First, 
microbial biomass was lower in soils containing less clay and 
organic matter; these soils required less moisture to obtain a 
1/3 bar moisture tension. Hence microbial biomass was indi­
rectly related to soil moisture via moisture-tension differ­
ences among the five soils. But microbial biomass and moisture 
content both decreased as time of incubation incrsased. Prs-
sumably microorganisms incapable of growth were killed or 
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became inactive. Biomass by ATP analysis would then decrease. 
The decrease in microbial biomass (ATP derived) with de­
creased numbers of bacteria in these soils is fairly straight­
forward. Since only a limited number of bacterial species 
form spores, plate-count numbers of bacteria indicate numbers 
of metabolically active, viable bacterial propagules in soil 
to a much greater extent than plate-count numbers accurately 
depict numbers of fungi or actinomycetes that are active in 
soil. Thus as the number of active bacterial propagules de­
creased due to increasing fertilizer additions or prolonged in­
cubation, the quantity of bacterial ATP will also decline. 
Microbial biomass values based on ATP will also decrease. 
This relationship between biomass and bacterial numbers sup­
ports the contentions of MacLeod, Lee et al. that ATP is a 
component of living systems and does not persist in dead 
tissue or as an extracellular entity in soil. It also suggests 
that ATP-derived biomass reflects not only Diomass but also 
activity of microorganisms. 
Microbial biomass decreased as water activity decreased. 
This is not surprising since as the concentration of a salt 
increases, water activity will decrease and salt=induced 
antagonism against the microorganisms will be evident as de­
creased biomass. 
Soil microbial biomass (ATP derived) was expressed in 
mg C/m for untreated soil from the second study» Table 59 
illustrates a comparison of microbial biomass and total carbon 
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Table 59- Relationship between microbial biomass (ATP 
derived) and total carbon in five Iowa soils 
Total^ Microbial biomass^ 
Soil G  i f o )  (g C/mZ) 
Clarion sicl 4.797 3.86 
Webster sicl 2.972 7.05 
Nicollet 1 2.740 12.78 
Okoboji cl 4,116 16.99 
Wadena Is 0.588 26.81 
%ean of duplicate analyses. 
in five soils. Interestingly, an inverse relationship exists 
between total carbon and microbial biomass C. This may result 
from decreased ATP recovery with increased soil organic matter 
or clay content as previously suggested by 
Andersen and Davies at al. (1971). Kcv/cver, 
Ausmus (1973) has shown that the H^SOji^ method of extraction 
proposed by Lee et al. (1971) is not subject to incomplete 
recoveries due to presence of clays or organic matter. Another 
explanation may be that the 1:250 ATP-to-cell carbon ratio used 
to convert ATP values to soil microbial biomass is invalid. 
If the numbers of microorganisms representing a given group 
such as bacteria, fungi, actinomycstes, algae, or protozoa 
varied significantly from one soil to another, the 1:250 
conversion factor could also vary considerably, Ausmus (1973) 
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has shown that bacteria, fungi, actinomycetes, algae in pure 
culture differed significantly in their ATPicell carbon 
ratios. Additional work will be necessary to explain the re­
lationship of organic carbon to microbial biomass noted in 
these five soils. 
Soil Microbial Numbers 
Nematode numbers 
Nematode numbers in a Clarion clay loam were significantly 
affected by time of incubation within rates of fertilizer ap­
plication. Nematode numbers were reduced by 5000 ppm or 
50,000 ppm treatments of the four fertilizer salts. Nematode 
numbers decreased to less than 0.1 per gram oven dry soil and 
failed to increase with time. At lower rates of fertilizer 
application, nematode numbers increased or decreased with 
time, depending on the fertilizer salt. 
Nematode numbers in ammonium nitrate treated Clarion clay 
loam were significantly related to microbial biomass (counts) 
as previously mentioned, total microbial numbers, soil 
respiration, NHji^^-N and toteil soluble salt concentration. 
Nematode numbers increased as direct microscopic numbers of 
microorganisms decreased. Prédation of nematodes on bacteria, 
fungi, and actinomycetes in soil could give this result. But 
more likely, this result indicated that nematodes were sensi­
tive to salt toxicity while other soil microorganiams increased 
or were unaffected. At high concentrations of ammonium 
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nitrate both soil respiration and numbers of nematodes de­
creased. Since both are affected by salt concentrations, the 
relationship may not be cause and effect. Nematode numbers 
decreased as NH^^-N concentration increased. This result is 
related to the relationship between decreased nematode num­
bers and increased soluble salt content in soil. Soluble 
salt levels equal to or greater than 25 mmhos/cm (the elec­
trical conductivity of soil saturation extract at 25^C) seemed 
to be extremely toxic to soil nematodes. 
Nematode numbers in diammonium phosphate treated Clarion 
clay loam were significantly affected by NH^^-N concentration 
and soil pH. Nematode numbers decreased as NH^^-N concentra­
tion increased, presumably due to presence of free ammonia. 
Nematode numbers also decreased as pH increased which further 
substantiates the free ammonia hypothesis. 
Nematode numbers in monocalcium phosphate treated Clarion 
clay loam were significantly affected by microbial biomass, 
soil respiration, NO^^-N concentration, soil moisture content, 
and soil pH. Nematode numbers increased as total microbial 
biomass (counts) increased. But this relationship may be the 
result of a decrease in both microbial biomass and nematode 
numbers in response to higher concentrations of monocalcium 
phosphate. Increased nematode numbers were associated with in­
creased soil respiration. Based on the data decreased nema­
tode numbers appeared to be related to decreased soil respira­
tion. Nematode numbers increased as NO^^-N in soil increased. 
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Nematode numbers decreased as soil moisture and pH decreased. 
Again the major factor was the 50,000 ppm P treatment and its 
deleterious effects on nematode numbers, pH, and soil moisture. 
Nematode numbers in potassium chloride treated Clarion 
clay loam were significantly affected by total microbial num­
bers, soil respiration, concentration, soil moisture 
content, and soil pH. Nematode numbers increased as total 
numbers of microorganisms by direct microscopic counts in­
creased. Both nematode numbers and soil respiration decreased 
somewhat over the 81-day period of incubation at the $0,000 
ppm treatment. Nematode numbers and soil respiration were 
positively correlated. Nematode numbers decreased as NH^ -N 
concentration in soil increased. High K concentrations in­
hibited nitrification but had little effect on ammonification. 
Thus at 5000 ppm and 50,000 ppm K, NH^^^-N concentration in 
soil increased. But at the same time the high K concentrations 
decreased nematode numbers. Thus soil NHj|^^-N and nematode 
numbers appear inversely related. Nematode numbers decreased 
as pH decreased. Again this is an indirect, treatment 
related interaction. 
Unfortunately, air-drying, grinding, and sieving of the 
soils used in the second study had an adverse effect on soil 
nematodes. No nematodes were recovered from treated or un­
treated soils in the "0-day" analyses. Therefore, nematode 
analyses were discontinued in succeeding samplings. 
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Total microbial numbers 
Total numbers of microorganisms (obtained by direct 
microscopic counts) in a Clarion clay loam were significantly 
affected by fertilizer materials and incubation time within 
rates of application. Ammonium nitrate and diammonium phos­
phate increased microbial numbers. Monocalcium phosphate and 
potassium chloride decreased microbial numbers in the Clarion 
clay loam. Changes in microbial numbers with increasing rates 
of fertilizer application varied from salt to salt. Highest 
numbers of soil microorganisms were often associated with a 
5000 ppm nutrient element concentration. As incubation time 
increased, microbial numbers increased in ammonium nitrate, 
diammonium phosphate, and monocalcium phosphate treated 
Clarion clay loam. Microbial numbers in potassium chloride 
treated Clarion clay loam were not affected by incubation time. 
Total microbial numbers in ammonium nitrate treated 
Clarion clay loam were significantly related to microbial 
biomass, nematode numbers, soil respiration, and soil pK. The 
relationship between microbial numbers and both microbial 
biomass and nematode numbers has already been discussed. A 
positive interaction occurred between total microbial numbers 
and soil respiration. As total microbial numbers increased, 
soil respiration increased. This behavior seems inconsistent 
with the inverse relationship between soil microbial biomass 
and soil respiration. 'This relationship could be the result of 
different groups of microorganisms comprising similar soil 
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populations and having a different impact on microbial bio-
mass or numbers. Changes in microbial biomass were usually 
associated with three types of microorganisms» sphere-like 
greater than 1 }im in diameter (similar in appearance to 
conidia); filamentous microorganisms; and irregular morpho­
logical forms. These three groups had little effect on total 
microbial numbers, however, and therefore microbial biomass 
sometimes decreased while total microbial numbers remained 
constant or even increased. Population shifts in favor of 
organisms resembling bacteria such as rod-shaped, sphere-like 
microorganisms less than 1 iim in diameter could be accompanied 
by more COg evolution due to lower assimilative efficiency. 
Total microbial numbers would probably increase simultaneously. 
Total microbial numbers in ammonium nitrate treated 
Clarion clay loam increased as soil pH decreased. In other 
words, as ammonium nitrate concentration increased, microbial 
numbers increased. 
Total microbial numbers in diammonium phosphate treated 
Clarion clay loam were significantly related to microbial bio­
mass and soil respiration. As total microbial numbers in­
creased; soil respiration increased. Greater numbers would 
favor greater organic matter decomposition and higher soil 
respiration. Shifts in population favoring numbers of bacteria-
like microorganisms could decrease efficiency of carbon assimi­
lation and result in higher soil respiration. Conversely, a 
decrease in total microbial numbers would be expected to result 
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in lower soil respiration. With fewer total microorganisms, 
less COg would be released via microbial respiration. 
Total microbial numbers in monocalcium phosphate treated 
Clarion clay loam were significantly related to microbial 
biomass and soil respiration. Interactions were similar to 
those noted with ammonium nitrate and diammonium phosphate. 
Total microbial numbers in potassium chloride treated 
Clarion clay loam were significantly related to microbial 
biomass, nematode numbers, soil respiration and total soil 
soluble salts. Here soil respiration increased as microbial 
numbers decreased and microbial numbers decreased as soluble 
salt concentration in soil increased. Apparently K additions 
decreased microbial numbers but allowed salt tolerant species 
to utilize dead microorganisms as substrate thus promoting 
CO2 evolution. 
Turning to the second study, total microbial numbers in 
five soils were significantly related to soils within rates 
of application and incubation time within soils. In addition 
to the relationships previously noted in discussing microbial 
biomass, total microbial numbers were significantly related to 
soil moisture content, plate-count numbers of bacteria, soil 
pH, and water activity. As soil moisture content in soil de­
creased, total microbial numbers decreased. This represents 
an interaction of soil type and incubation time. Total micro­
bial numbers decreased as plate-count numbers of bacteria de­
creased and as soil pH decreased. This illustrates that direct 
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microscopic counts do respond to changes in the numbers of 
microorganisms in soil, but the response is limited to the 
groups of microorganisms occurring in sufficient numbers to 
be counted with fair precision. Bacteria are most likely to 
meet this qualification. And finally as soil water activity 
decreased, microbial numbers decreased. This interaction 
correlates well with the preceding relationships. 
Plate-count numbers of microorganisms 
Numbers of bacteria by plate-counts in the five soils were 
significantly affected by soils within rates of fertilizer 
application and incubation times within soils. Numbers of 
bacteria were also related to plate-count numbers of actino-
mycetes, fungi, soil moisture content, soil pH, and soil water 
activity. Bacterial numbers decreased as plate-count numbers 
of fungi, actinomycetes decreased. Bacterial numbers de­
creased as ceil mcisturs content ?nà p» nRcrHaaeu. Bacterial 
numbers decreased as soil water activity values decreased. All 
of these effects were directly related to treatment concentra­
tions. 
Likewise, plate-count numbers of actinomycetes and fungi 
were significantly affected by soils and incubation times in 
similar fashion to bacterial numbers. Fungi numbers were 
also affected by rates within fertilizers. In addition, plate-
count numbers of actinomycetes were related to plate-count 
numbers of fungi, soil moisture content, soil pH. and soil 
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water activity. Plate-count numbers of fungi were related to 
soil moisture content and water activity. Numbers of these 
microorganisms decreased with numerically decreasing values 
for the various soil physical, chemical, or biological proper­
ties just mentioned. 
Microbial Activities 
Soil respiration 
Soil respiration (COg evolution) from a Clarion clay loam 
was significantly affected by fertilizer materials, rates of 
application within materials, and time of incubation within 
rates of application. Soil respiration in ammonium nitrate 
treated Clarion clay loam was significantly related to micro­
bial biomass (counts), nematode numbers, and total microbial 
numbers as already discussed in previous sections. 
Soil respiration in diammonium phosphate treated Clarion 
clay loam was significantly related to microbial biomass, total 
microbial numbers, conueatratiGn, NC^~'-rJ concentration, 
soil moisture content, and soil pH. Soil respiration increased 
as NK^'*"=N concentration in the soil increased. Soil respira­
tion also increased as NO^'-N concentration increased. Soil 
respiration increased as both moisture content and soil pH de­
creased. Moisture and pK relationships were confoundGu -with 
effects of time and concentration of diammonium phosphate. 
Soil respiration in monocalcium phosphate treated soil was 
significantly related to nematode numbers, and 
concentrations, and soil pH. Soil respiration decreased as 
concentration in soil decreased, but increased as NO^"-N 
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concentration decreased. Soil respiration decreased as soil 
pH decreased. This presumably resulted because of a decreased 
metabolism by soil microorganisms that led to decreased 00% 
evolution and ammonium accumulation. A shift in population to 
greater numbers of fungi could have been partially responsible 
for the decrease in GOg evolution and -N concentration. 
Perhaps fungi assimilate a greater relative amount of substrate 
carbon during growth than bacteria and hence if selected for by 
decreased pH could decrease COg evolution while immobilizing a 
greater relative amount of 
Soil respiration in potassium chloride treated Clarion 
clay loam was significantly affected by nematode numbers, total 
microbial numbers, NHji^'^'-N concentration, soil moisture content, 
and soluble salts. Soil respiration increased as con­
centration increased and soil moisture content decreased. Soil 
respiration decreased as total soluble salts in the soil 
increased. 
in the second study, auil respiration -.vaG significantly 
affected by kinds of fertilizers and time of incubation within 
soils. Soil respiration was significantly related tot micro­
bial biomass (ATP derived); plate-count numbers of bacteria, 
actinomycetes, fungi ; and soil moisture content. Soil respira­
tion increased as biomass decreased. Soil respiration decreased 
as plate-count numbers of bacteria, actinomycetes, and fungi 
decreased. Soil respiration decreased as soil moisture content 
and water activity decreased. The reason for the biomass rela= 
tionship has been discussed previously. The decrease in soil 
respiration as plate-count numbers of microorganisms decreased 
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is reasonable and relates well to the ATP content of soil as an 
index of both biomass and microbial activity. A decrease in 
respiration occurred within soils as a function of time and 
between soils differing in moisture content. 
Ammonium accumulation 
Ammonium (NH^^) accumulation in a Clarion clay loam was 
significantly affected by the kinds of fertilizers and times 
of incubation within rates of fertilizer application. NH^"^ 
accumulation in ammonium nitrate treated Clarion clay loam was 
significantly related to microbial biomass, nematode numbers, 
total microbial numbers, soil respiration, NO^'-N concentra­
tion, soil moisture content, soil pH, and total soluble salts. 
concentration increased as microbial biomass increased. 
The concentration increased as nematode numbers decreased, 
but decreased as total microbial numbers increased. These re­
lationships appear to conflict. At high concentrations, how­
ever, ammonium nitrate may have decreased soil pH and shifted 
the composition of the microbial population. Growth of fungi 
increased, microbial biomass increased while numbers of bac­
teria and aetiriomycetes decreased. Relationships between 
concentration and nematode numbers were discussed in the 
section on microbial numbers. Ammonium concentration decreased 
as the nitrate concentration increased, indicating that nitri­
fication occurred. Ammonium concentration increased as soil 
moisture content and soil pH decreased. Increased ammonium 
with decreased soil moisture may be confounded with incubation 
time. Soils generally lost a small quantity of water during 
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the 81-day period of incubation. Increased ammonium with de­
creased soil pH is confounded by the decrease in soil pH that 
resulted when the ammonium nitrate concentration in soil in­
creased. Thus higher concentrations were associated with 
lower soil pH. Increased with increased soluble salts was 
likewise confounded with rate of ammonium nitrate application. 
The concentration in diammonium phosphate treated 
Clarion clay loam was significantly related to microbial bio-
mass, nematode numbers, total microbial numbers, soil respira­
tion, NO^'-N concentration, soil moisture content, soil pH, and 
soluble salts. As decreased, NO^ increased indicating ni­
trification was active in some soils. concentration in­
creased as soil moisture content decreased. This represents a 
treatment by time interaction resulting in a more complete re­
covery of ammonium from soils after longer periods of equili­
bration. concentration increased as pH and soluble salts 
in soil increased, again as an interaction with effects of 
different concentrations of diamuauuiurii phosphate cn con­
centration in soilc 
The concentration in mono calcium phosphate treated 
Clarion clay loam was significantly related to microbial bio-
mass, nematode numbers, total microbial numbers, soil respira­
tion, soil moisture content, pH, and soluble salts. The 
concentration also increased as total soluble salts increased; 
Highest concentrations occurred in 5000 and 50,000 ppm P 
treated soil. Nitrification was inhibited due to high salts 
and low pH in these soils. 
Ammonium concentration in potassium chloride treated 
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Clarion clay loam was significantly related to nematode num­
bers, total microbial numbers, soil respiration and soil pH. 
With regard to the latter soil property, ammonium accumulation 
increased as soil pH increased. An increase in soil pH with 
time could be a confounding factor. 
In the second study, concentration in five soils was 
significantly affected by rates of fertilizer application with­
in fertilizer salts, and times of incubation within soils. 
These relationships were expected since two fertilizers, 
ammonium nitrate and diammonium phosphate, contained signifi­
cant quantities of Time of incubation was also signifi­
cant since increased with time in diammonium phosphate, 
monocalcium phosphate, and potassium chloride treated soils. 
Ammonium nitrate treated soil behaved somewhat erratically. 
Loss of was observed after 27 and 81 days of incubation 
but not after 5^ days of incubation. Additional experiments 
need to be conducted to verify these events and determine 
their cause. 
Nitrate accumulation 
Nitrate concentration in a Clarion clay loam was signifi­
cantly affected by time of incubation within rates of fertiliz­
er salt application. Nitrate increased as NH/^' v/as converted 
to NO^" through nitrification. Net nitrification occurred in 
ammonium nitrate, diammonium phosphate, monocalcium phosphate, 
and potassium chloride containing Clarion clay loam at concen­
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trations up to 680, 5000» 500» and 500 ppm of elemental 
nutrient(s), respectively. 
Nitrate concentration in ammonium nitrate treated Clarion 
clay loam was significantly related to microbial biomass, 
nematode numbers, concentration, soil pH, and soluble 
salts. Nitrate concentration decreased as microbial biomass 
and nematode numbers decreased. Nitrate concentration de­
creased with time in 6800 and 68,000 ppm K treated soil. Nema­
todes were eliminated from soil at these two concentrations. 
Thus an apparent decrease in NO^" as nematode numbers de­
creased. NO^" concentration increased as soil pH decreased. 
This really represents the effect of an increasing ammonium 
nitrate concentration in reducing soil pH. Also, high ammonium 
nitrate concentrations inhibited nitrification and favored de-
nitrification. Nitrate concentration increased as soluble 
salt content increased. Stated more precisely, as the ammonium 
nitrate concentration increased, soil NO^" increased. 
Nitrate concentration in diammoniurn phosphate treated 
Clarion clay loam was significantly related to microbial bio-
mass, nematode numbers, soil respiration, NHj^'-N concentration, 
soil moisture content, and soil pH. NOo" concentration in-
-
creased as microbial biomass increased and nematode numbers 
decreased. Nitrate concentration increased as soil respiration 
increased. This indicates that microorganisms were releasing 
N through organic matter decomposition and that this N was 
being nitrified to NO^". The NO^" concentration as NH^^^-N 
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concentration increased, iXirther indication of nitrification. 
Nitrification was evident in soils receiving as much as 5000 
ppm (N + P) as diammonium phosphate. Nitrate concentration 
decreased as soil moisture content decreased, and as soil pH 
increased. These relationships reflect the impact of 50,000 
ppm (N + P) diammonium phosphate treatment on nitrification. 
Nitrification was eliminated at this treatment level of di­
ammonium phosphate. 
Nitrate accumulation in monocalcium phosphate treated 
Clarion clay loam was significantly related to microbial bio-
mass, total microbial numbers, soil respiration, and soil 
moisture content. Nitrate concentration increased as microbial 
biomass increased, but decreased as total microbial numbers 
and soil respiration increased. An increase in NO^" concen­
tration with microbial biomass was probably confounded with 
effects of incubation time. Another reason would be a shift 
in population favoring growth of fungi at 5000 and 50.000 ppm 
P concentrations in soil. Fungi would be the predominant group 
of microorganisms decomposing soil organic matter. Increased 
microbial biomass and decreased CO^ evolution could occur due 
to fungal decomposition. Increases in nitrite can result 
through heterotrophic nitrification, since autotrophic processes 
would be inhibited by low soil pH and high salts. Hetero­
trophic nitrification has been observed in the fungi (Hirsch, 
Overrein, and Alexander, I96I). Also the contribution of 
Arthrobacter to heterotrophic nitrification cannot be over­
188 
looked (Verstraete and Alexander, 1972). Nitrate concentra­
tion decreased as soil moisture content decreased. This 
arises due to lower soil moisture and NO^ in 50,000 ppm P 
treated soil. 
Nitrate accumulation in potassium chloride treated soil 
was significantly related to microbial biomass and soil mois­
ture content. Nitrate concentration decreased as microbial 
biomass increased and moisture content decreased. This 
represents the combined effects of 50,000 ppm K concentration 
on NO^', biomass» and moisture content in the Clarion clay 
loam. 
In the second study N0^~ accumulation in five soils was 
significantly affected by rates of application within fer­
tilizer materials and incubation time within soils. Nitrate 
concentrations decreased (in ammonium nitrate treated soil) 
throughout the experiments. Chemodenitrification is a possi­
bility since not only NO^" but also NH^"*" was lost from the soil. 
To a lesser extent N0^~ concentrations also decreased in di-
ammonium phosphate, monocalcium phosphate, and potassium 
chloride treated soils. Untreated soils also lost NO^" in­
consistently throughout the experiment. Thus the role of 
fertilizer salts in this process remains unclear. 
Phosphatase activity 
In the second study phosphatase activity was used as an 
index of the effects of high fertilizer salts on enzyme ac-
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tivities in five soils. Phosphatase activity was significantly 
affected by rates of application within fertilizer salts, soils 
within rates, and incubation time within soils. 
Phosphatase activity was significantly related to micro­
bial biomass (counts and ATP analyses), total microbial num­
bers, soil moisture content, plate-count numbers of bacteria, 
plate-count numbers of actinomycetes, soil pH, and water 
activity. Phosphatase activity increased as microbial bio­
mass increased. As microorganisms died perhaps the concentra­
tion of phosphatase enzymes increased in soil. This may have 
occurred directly through release from dead cells. On the 
other hand, as microorganisms were decomposed by other micro­
organisms, increased amounts of extracellular phosphatase 
could have been secreted to the soil environment. 
Phosphatase activity decreased as total numbers of micro­
organisms decreased. This relationship is confounded with pH 
mediated effects of diammonium phosphate and monocalcium phos­
phate in reducing phosphatase activity. 
Phosphatase activity decreased as soil moisture content 
decreased. This is attributable to both rates of fertilizer 
addition and time of incubation. Soil moisture and phosphatase 
activity also vary with soil type. 
Phosphatase activity decreased as the plate-count numbers 
of bacteria decreased, another factor confounded with fertiliz­
er salts and soil type. The same explanation applies to the 
decrease in phosphatase activity with decreased plate-count 
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numbers of actinomycetes. 
Phosphatase activity decreased as soil pH increased. High 
concentrations of diammonium phosphate are responsible for de­
creased phosphatase activity. Also phosphatase activity de­
creased in the low soil pH values associated with high mono-
calcium phosphate treatments. 
Phosphatase activity decreased as soil water activity 
decreased. This agreed with effects of gravimetric soil mois­
ture content. It also indicated that differences in ab­
solute water of the various soil types was not a major factor 
affecting phosphatase activity. 
Urease activity 
Urease activity in the five soils employed in the second 
study was significantly affected by different fertilizer 
materials, soils within rates of fertilizer application, and 
incubation time within soils= 
Urease activity was also significantly related to microbi­
al biomass (ATP derived), total microbial numbers, soil mois­
ture content, plate-count numbers of bacteria, and soil pH, 
Urease activity increased as microbial biomass increased. 
Perhaps a better interpretation is that urease activity de­
creased as microbial biomass decreased. Soil type differences 
in total carbon, microbial biomass, and so forth probably 
contributed to this relationship. 
Urease activity decreased as total microbial numbers 
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increased. Monocalcium phosphate was a major cause of this 
interaction. The simplest explanation is that monocalcium 
phosphate reduced soil pH which, in turn, decreased urease 
activity. 
Urease activity decreased as soil moisture content, plate-
count numbers of bacteria, and soil pH decreased. The effect 
of soil moisture was related to soil types and time of incuba­
tion. Plate-count numbers of bacteria decreased at high-salt 
concentrations, especially monocalcium phosphate. Bacterial 
numbers and urease activity are related as a consequence of 
soil pH. 
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SUMMARY 
Effects of from 0 to 100,000 ppm of ammonium nitrate (N), 
diammonium phosphate (N+P), monocalcium phosphate (P), and po­
tassium chloride (K) on microbial biomass, numbers, and activi­
ties were determined in laboratory studies on six Iowa soils. 
Microbial biomass as determined by ATP analysis or micro­
scopic counts was generally unaffected by salt concentrations 
as high as 100,000 ppm. For example, microbial counts indi­
cated 381«5 pg biomass C per gram oven dry Clarion cl treated 
with 50,000 ppm (N+P). This compared to 439.4 |j,g biomass C per 
gram oven dry soil in the untreated control. 
Microbial biomass obtained by ATP analysis was usually 
greater than that obtained by microscopic counts. After 2? 
days incubation, ATP analysis indicated 535 |ig biomass C was 
present in 100,000 ppm N treated Webster sicl, but microscopic 
counts revealed only ;.•£ hinmMSH C gram soil. 
Microbial biomass by ATP analyses were not well correlated 
with those obtained by microscopic counts. Analysis of vari­
ance performed on 3^0 pairs of biomass values illustrated no 
statistically significant relationship between ATP and counts 
methods of analysis at the 5^ level of probability. 
Numbers of microorganisms as determined by microscopic 
counts were generally unaffected (statistically) by the high 
salt concentrations. However, in 100,000 ppm P treated Wadena 
Is numbers were reduced significantly» 3.0 x 10^ as compared 
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to 4.8 X 10® per gram of untreated soil. 
Numbers of bacteria as determined by plate counts on egg 
albumen agar were generally reduced with time in 100,000 ppm 
fertilizer salt treated soils. Only a few of these reductions 
were statistically significant such as a decrease in bacterial 
numbers from 2.06 x 10® to 4.73 x 10^/g of 100,000 ppm K 
treated Nicollet loam. 
Plate count numbers of actinomycetes on egg albumen agar 
or fungi on Martin's medium were generally unaffected by high 
salts. Interestingly, ? of 9 statistically significant reduc­
tions in fungi numbers occurred in the Nicollet or Webster 
soils. 
Nematode numbers as determined by a modified Baermann 
funnel extraction technique were reduced to 0 per gram in 6800 
and 68000 ppm N treated Clarion cl. Nematode numbers were also 
reduced to 0 per gram in 60000 ppm N+P, P, and K treated 
Clarion cl. 
Little change was noted in the types (genera) of micro­
organisms present in the 100,000 ppm salt treated soils. Bac­
terial genera included Arthrobacter, Bacillus, Micrococcus, and 
Pgeurtninonas. The actinomycete Streptomyces was present. Fungi 
genera included Acrostalogmus, Alternaria, Aspergillus, Cephalo-
sporium, Cladosporium. Monosporium, Pénicillium, Sartorya, 
Spicaria, Sporotrichum, and Torula. 
The effects of high concentrations of fertilizer salts on 
microbial respiration (COg evolution)varied from soil to soil. 
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For example, microbial respiration in a Nicollet loam decreased 
46^ in response to 100,000 ppm N as ammonium nitrate. But 
microbial respiration in an Okoboji cl increased 160% in re­
sponse to the same treatment. 
Ammonium accumulation as determined by 2N KCl extraction 
and steam distillation or ammonia electrode analysis was 
erratic and nonsignificant. This apparently was due to a non­
uniform distribution of ammonium in high N treated soils. 
Steam distillation analyses revealed significant losses of 
nitrate from 68000 and 100000 ppm N treated soils. During the 
3-9 day period of incubation, 25829 ppm (75?^) of applied 
nitrate was lost from the 68000 ppm ammonium nitrate treated 
Clarion cl. This loss was accompanied by evolution of a color­
less, odiferous gas that was not identified. Soils treated 
with 66000 or 100000 ppm ammonium nitrate nitrogen were dis­
persed, structureless, with a "puddled" appearance. Chemode-
nitrification may have been the mechanism responsible for the 
loss of nitrate. 
Phosphatase activity as measured by p-nitrophenyl phos­
phate hydrolysis was significantly reduced in all 100000 ppm 
salt treated soils after 27 days of incubation. Monocalcium 
phosphate totally inhibited soil phosphatase activity. 
Urease activity as determined by analysis of ammonium re­
leased during a 5 hour incubation at 37°C was generally unaf­
fected by high salt concentrations. An exception occurred in 
the 100000 ppm P treated Okoboji clay loam where urease activi­
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ty was totally inhibited after 54 and 81 days of incubation. 
Relationships between various biological, chemical, and 
physical parameters of these soils were determined using analy­
sis of variance. Microbial biomass, for example, was signifi­
cantly affected by soil moisture content, water activity, and 
plate count numbers of bacteria. In each case microbial bio­
mass decreased as the other parameter decreased. 
An interesting relationship occurred between microbial 
biomass and total soil carbon. ATP-derived microbial biomass 
expressed on basis of soil specific surface was inversely re­
lated to total soil carbon. The reasons for this relationship 
are unknown. 
Although changes in microbial biomass, numbers, and 
activities were noted at fertilizer salt concentrations as 
high as 100000 ppm, soils were not sterilized. Thus it appears 
that at fertilizer concentrations simulating those found in 
close proximity to fertilizer bands, soil will not be 
sterilized but will remain microbially active. 
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APPENDIX 
Table 6o. Several genera of bacteria and actinomycetes in five Iowa soils 
Treatment Okoboji cl Websster sicl Nicollet 1 Wadena Is Clarion sicl 
Check Micrococcus 
jirt hrobacter 
Bacillus 
100,000 ppm Arthrobacter 
N as NHi,N0-3 Bacillus 
100,000 ppm 
N P as 
100,000 ppm 
P as 
CaCHpPO;. )p. 
HOH 
100p000 ppm 
K as KCl 
Bacillus 
I'seudomonas 
Streptomyces 
Streptomyces 
l?seudomonas 
Bacillus 
Pseudomonas 
Arthrobacter 
Str(rptomyces 
Pseudomonas 
AzoEobacter 
Streptomyces 
Bacillus 
Arthrobacter 
Bacillus 
Arthrobacter 
Pseudomonas 
Bac Lllus 
Striptomyces 
Arthrobacter 
Arthrobacter 
Baclllus 
Arthrobacter Streptomyces 
Bacillus Bacillus 
Streptomyces 
Arthrobacter 
Bacillus 
Pseudomonas 
Arthrobacter Bacillus Streptomyces 
Micrococcus Arthrobac ter Bacillus 
Pseudomonas 
Arthrobacter Bacillus Arthrobacter 
Bacillus Arthrobacter Bacillus 
Pseudomonas 
Arthrobacter Arthrobacter Arthrobacter 
Bacillus Bacillus Streptomyce s 
Streptomyces Bacillus 
Pseudomonas 
Bacillus 
Streptomyces Pseudomonas 
Arthrobacter Streptomyces 
Arthrobacter 
Table 61, Several genera of fur^gi in five Iowa soils 
Treatment Okobojl c1 Webster sicl Nicollet 1 Wadena Is Clarion sicl 
Check 
10^ K as 
10^ K P 
10^ P 
10^ K 
Triehoderma 
Acrostalagmas 
Pénicillium 
Aspergillus 
Yeast 
Pénicillium 
AS£er^U^ 
Pénicillium 
Sporotrichum 
Ceploalosporium 
Aspergillus 
Pénicillium 
Aspergillus 
Pénicillium Pénicillium 
Pénicillium Aspergillus 
Kvalopus 
Aspergillus Monosporium 
Aspergillus Torula 
Pénicillium Cladosporiuro 
Pénicillium Aspergillus Pénicillium Pénicillium 
Monilia Aero stalagmus Aspergillus Spicaria 
Spicâria Cephalosporium Pénicillium Alternaria 
PeniSillixim Pénicillium 
Sartorya 
Pénicillium 
Sartorya 
Torula 
ro 
o 
so 
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Table 62. Summary of nested analysis of variance for bio­
logical and chemical properties of a Clarion clay 
loam 
Soil property Variance factor F 
Level of 
significance 
Biomass C Treatments 
Time/rates 
30.908^ 
12.557c 0
 0
 
0
 0
 
0
 0
 
Vn
Ln
 
Nematode numbers Time/rates 16.931 0.005 
Total numbers of 
microorganisms 
Treatments 
Time/rates 
10.672 
8.174 
0
 0
 
0
 0
 
0
 0
 
Soil respiration Time/rates 31.857 0.005 
NH,+-N f Treatments Time/rates 
14.885 
270.330 
0.005 
0.005 
N0^~ Time/rates 868.921 0.005 
^According to Table klk, pp. 560-567 in Snedecor and 
Cochran (I967). 
^Degrees of freedom = 3 for treatments, 16 for treatment 
X time interaction. 
Degress of freedom = 60 for time within rates ; 320 for 
treatment x rate x time interaction. 
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Table 63. Summary of nested analysis of variance for bio­
logical and chemical properties of five Iowa soils 
Level of 
Soil property Variance factor F significance 
Biomass-counts 
Biomass-ATP Time/soil 1.543^ 0.005 
Total microbial Soils/rates 7.370° 0.005 
numbers Time/soils 1.263 0.100 
Numbers of Soils/rates 5.333 0.005 
bacteria Time/soils 3.727 0.005 
Numbers of Soil/rates 4.936 0.005 
actinomycetes Time/soils 1.661 0.005 
Numbers of fungi Ratey'treatments 4.308^ 0.010 
Soil/rates 2.830 0.005 
Time/soils 1.277 0.100 
Soil respiration Treatments® 3.319 0.100 
Time/soils 4.552 0.005 
Phosphatase Rates/treatments 2.305 0.050 
activity Soil/rates 36.983 0.005 
Time/soils 2.251 0.005 
Urease activity Treatments 3.539 0.100 
Soil/rates 2.276 0.005 
Time/soils 4,137 0.005 
^According to Table A14, pp. 56O-567 in Snedecor and 
Cochran {I967). 
^Degrees of freedom - 180 for times within soils, 240 for 
treatment x rate x soil x time x replicate interaction. 
^Degrees of freedom = 48 for soils within rates, 180 for 
treatment x rate x soil x time interaction. 
^Degrees of freedom = 8 for rates within treatments, 48 
for treatment x rate x soil interaction. 
^Degrees of freedom = 3 for treatments, 8 for treatment x 
rate interaction. 
Table 64. Siuumarj/ of analyses of variance for biological, ph,ysical and chemical 
properties in a Clarion clay loam treated with ammonium nitrate 
Soil property Related soil property 
Level of 
significance 
Regressi on 
coefficient 
Biomafss-counts Nematode numbers 
Total microbial numbers 
Soil, respiration 
0.001 
0.001 
0.001 
+0.0983 
+1.3291 
-0.0098 
Nematode numbers Bionass 
Tots.l microbial numbers 
Soil respiration 
NH^.-* -N 
0.001 
0.010 
0.001 
0.005 
+0.1436 
-0.2586 
+0.0520 
-0.2144 
Total microbial numbers Biomass 
Nematode numbers 
Soil respiration 
Soil pH 
0.001 
0.050 
0.001 
0.100 
+0.3798 
-0.0337 
+0.0133 
-2.1417 
Soil respiration Bionass 
Nematode numbers 
Total microbial numbers 
0.001 
0.001 
0.001 
+3.1395 
+7.5591 
+14.7145 
NH4+-N Bioiaass 
Nematode numbers 
Total microbial numbers 
Soil respiration 
NO3--N 
Soil moisture 
Soil pH 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
+14.7201 
+30.3092 
-56.9643 
-2.0844 
-78.3354 
-2259.9264 
+142.5377 
NO^"-M Bionass 
Nematode numbers 
NH^t-N 
Soil pH 
Soluble salts 
0.050 
0.005 
0.001 
0.010 
0.001 
-101.0015 
+35.6144 
-1.0248 
-7780.3708 
+217.7204 
Table 65. Summary of analyses of variance for biological, physical and chemical 
properties in a Clarion, clay loam treated with diammonium phosphate 
Soil property Related soil property 
Level of 
significance 
Regression 
coefficient 
Bioma&s-counts Total microbial numbers 
Soil respiration 
Soil moisture 
0.001 
0.050 
0.100 
0.050 
+2.7564 
-0.4530 
+0.0044 
-52.1006 
Nematode numbers 
soil pH 
0.001 
0.001 
-0.0031 
-240.4948 
Total microbial numbers Biomass 
Soil respiration 
0.001 
0.001 
+0.2073 
+0.1746 
Soil respiration Bion.ass 
Tots.l microbial numbers 
Noy-N 
Soil moisture 
Soil pH 
0.100 
0.001 
0.100 
0.001 
0.005 
0.050 
-0.1713 
+0.7481 
+0.0025 
+0.6099 
-31.5325 
-68.3758 
Biomass 
Nems.'code numbers 
Tots-L microbial numbers 
Soil respiration 
NOj'-N 
Soil moisture 
Soil pH 
Soluble salts 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
+0.2918 
+0.1172 
+1.4794 
-1.0594 
+5.7291 
-176.0010 
+1633.4483 
+279.9478 
Table 65. (Continued) 
Level of Regression 
Soil property Related soil property significance coefficient 
NOo~-N Bioinass 0.001 +0.0146 
- Nematode numbers 0.001 -0.0053 
Soil respiration 0.001 +0.2289 
NH2,;'"-N 0.001 +0.0149 
Soil moisture 0.010 +20.6175 
Soil pH 0.005 "67.3339 
Table 66. Sxunmary of analyses oj variance for biological, physical and chemical 
properties in a Glaricn clay loam treated with monocalcium phosphate 
Soil property Related soil property 
Level of 
significance 
Regression 
coefficient 
Biomass-counts Nematode numbers 
Total microbial numbers 
Soil, respiration 
0.001 
0.001 
0.001 
+0.0034 
+1.2261 
-0.0182 
Nematode numbers Bioiaass 
Soil respiration 
NO3--N 
Soil moisture 
Soil pH 
0
 ^
0
 
H
 0
 
0
 0
 
0
 vr\ 
H
 0
 0
 0
 0
 
0
0
0
0
0
 
+0.0072 
+0.1857 
+O.I835 
+7.1096 
+15.0014 
Total microbial numbers Bioiaass 
Soil respiration 
0.001 
0.001 
+O.8O65 
+0.0146 
Soil respiration Nematode numbers 
NHk^-N 
NOo'-N 
Soil pH 
0.001 
0.001 
0.050 
0.100 
+0.1883 
+1.1012 
-0.7674 
+14.5270 
Bioiass 
Nematode numbers 
Total microbial numbers 
Soil respiration 
Soil moisture 
Soil pH 
Soluble salts 
0.050 
0.005 
0.001 
0.001 
0.050 
0.005 
0.010 
-0.5412 
+0.1883 
+0.5445 
+0.3800 
-2.6965 
-43.4303 
-4.9327 
NO^""-N Bioniass 
Tot!il microbial numbers 
Soil respiration 
Soil moisture 
0.050 
0.100 
0.010 
0.005 
+0.4989 
-0.5193 
-0.0496 
+5.5604 
Table 67. Summary of analyses of variance for biological, physical and chemical 
properties in a. Clarion clay loam treated with potassium chloride 
Soil property Related soil property 
Level of 
significance 
Regression 
coefficient 
Biomass-counts Tots..! microbial numbers 
NO^'-N 
0.001 
0.050 
+0.6698 
-0.1609 
Soluble salts 0.050 +0.0563 
Nematode numbers TotEil microbial numbers 
Soil respiration 
MO/j.-' -N 
Soil moisture 
Soil pH 
0.001 
0.001 
0.001 
0,001 
0.001 
+0.9896 
+3.5560 
-0.7145 
+4.5684 
+74.5046 
Total microbial numbers Bioiiass 
Wemîitode numbers 
Soi], respiration 
0.001 
0.001 
0.005 
+0.1817 
+0.0912 
-0.4622 
Soil respiration Nematode numbers 
Total microbial numbers 
Sox.L moisture 
Soluble salts 
0.001 
0.001 
0.001 
0.100 
0.050 
+0.0748 
-0.0954 
+0.1432 
-1.8365 
-0.0363 
NHk*-N Nematode numbers 
Total microbial numbers 
Soil respiration 
Soil pH 
0.001 
0.005 
0.001 
0.050 
-0.2080 
-0.2407 
+1.9389 
-23.0577 
NO^"-N Bioiass 
Soil moisture 
0.050 
0.001 
-0.1186 
+2.7400 
Table 68. Summai^y of analyses ci variance for biological, physical and chemical 
properties in five Iowa soils treated with jimmonium nitrate, disimmonium 
phosphate, monocalciurt phosphate or potassium chloride 
Soil property Related soil property 
Level of 
significance 
Regression 
coefficient 
Biomass-counts Soil pH 0.0.50 -100.8440 
Biomass-ATP Numbers of bacteria 
Soil moisture 
0.001 
0.005 
0.001 
+0.0000013 
+719.9369 
+1138.3954 
Total microbial 
numbers 
Numbers of lacteria 
Soil pH 
Soil moistuj.'e 
0.001 
0.050 
0.001 
0. 001 
+1.6987 
+30983197.0 
+3078932167.0 
+149895863.0 
Numbers of 
bacteria 
Numbers of actinomycetes 
Numbers of ;rangi 
Soil pH 
Soil ro.oistu:re 
Aw 
0.001 
0. 001 
0.001 
0.001 
0. 001 
+0.0044 
+16.4392 
+234938016.0 
+12215023.0 
+149895863.0 
Numbers of 
actinomycetes 
Numbers of fungi 
Soil pH 
Soil moisture 
Aw 
0. 001 
0.001 
0.001 
0.005 
+35.9392 
+8326471.0 
+110314388.0 
+2612327.0 
Numbers of fungi Soil moisture 
Aw 
0.001 
0.005 
+1012355.0 
+2612327.0 
Table 68. (Continued) 
Soil property 
Soil respiration 
Related soil property 
Level of 
significance 
Regression 
coefficient 
Phosphatase 
activity 
Urease activity 
Biomass (ATï) 
Numbers of bacteria 
Numbers of actinomycetes 
Numbers of iïingi 
Soil moistur-o 
•NY 
Biomass (counts) 
Biomass (ATI') 
Total microliial numbers 
Soil pH 
Soil moistu:'e 
Numbers of bacteria 
Numbers of actinomycetes 
Biomass (AT]?) 
Total microbial numbers 
Numbers of bacteria 
Soil pH 
Soil moisture 
0.001 
0.050 
0.0Ô1 
0.050 
0.010 
0.100 
0.050 
0.005 
0.001 
0.010 
0.001 
0.001 
0.001 
0.005 
0.001 
0.001 
0.001 
0.001 
0.010 
-0.0054 
+0.00000001 
+0.C0000007 
+0.00000266 
+ 2 0 . 2 7 9 9  
+20,7627 
-0.0019 
-0.0103 
+0.00000003 
-4.8164 
+218.2856 
+0.00000023 
+0.00000018 
-19.7243 
+0.0089 
-0.00000001 
+0.00000043 
+17.8171 
+26.0346 
